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a fair and reasonable fee determined through negotiations. 
The criteria for what is fair and reasonable is the govern- 
ment estimate. There is a limited guidance available on the 
preparation of estimates for A&E contracts. Additionally, 
there is limited use of empirical information due to the 
lack of an organized database. This research defined the 
cost estimation method as a decision process and supported 
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A. GENERAL 

The design of facilities for the Naval Shore Establish- 
ment is a significant function of the Civil Engineer Corps, 
the Naval Facilities Engineering Command, and the six 
Engineering Field Divisions. Design and design services 
result in the development of plans and specifications for a 
construction project. Plans and specifications are needed 
momeall construction contracts including new construction, 
repair and alteration projects, and equipment installations. 
Quality in a set of plans and specifications is the product 
of professional engineering ability, innovative design capa- 
bility, and knowledge of the state-of-the-art in construc- 
tion techniques and materials. Additionally, plans and 
specifications must be complete, accurate, and explicit as 
they represent a major part of the legal documents for a 
Bemstruction contract. 

Design services are obtained through two sources: 
(1) in-house government employee engineers and architects 
and (2) by contracting for these services with Architect & 
Engineer (A&E) firms. A&E contracting provides about 90% 
of the design work for the Navy. As such, A&E contracting 


1S a major function throughout the Naval Facilities 





Engineering Command and its subordinate Engineering Field 
Divisions (EFD). 

A&E firms are selected by a procedure referred to as the 
"traditional selection method." This method provides for 
the selection of an A&E firm on criteria such as: demon- 
meGatea Professional ability, capability to perform the 
Pemkana DreVilOusS awards of government contracts. After 
the firm is selected, the fee 1s negotiated. The negotia- 
tion of A&E contracts and the traditional method of selec- 
BPomels Provided for by P.L. 92-582, the Brook's Bill. 

There has been much controversy over the Brook's Bill 
@uring the past ten years, however there have been no changes 
to that law. The major point of the opposition is that fee 
should be introduced in the selection process to encourage 
competition. Proponents argue the technical competition 
provided by the traditional method generates the factor of 
competition amongst A&E firms and promotes quality in design 
services. The Navy and Department of Defense support the 
SeGebacting practices currently incorporated in the Brook's 
eel). 

A pee erent of the Brook's Bill is that agency heads 
will negotiate a "fair and reasonable fee" for A&E compensa- 
tion. The criteria for determining what is fair and rea- 
sonable is the government estimate. Accordingly, the 
development of an accurate government estimate is a signifi- 


cant event in the A&E contracting process. 





B. PROBLEM STATEMENT 
1. Developing the Government Estimate 

Rear Admiral Iselin, former Commander, Naval Fa- 
cilities Engineering Command [Ref. 1], in defense of the 
Brooks Act selection process, is quoted as follows: 

In contracting for A&E services, we are not buying a pre- 
determined product; we are buying professional skill, 
creative talent, and a level of effort in the engineering 
and architectural fields. 

A procurement of professional skill, creative talent 
and a level of effort are rather abstract commodities and 
difficult to quantify. The government Engineer-in-Charge 
(EIC) is faced with this problem when developing an estimate 
for an A&E contract. The EIC must transform the perceived 
scope of the construction project into the requirements for 
design of that project. This ability or skill is developed 
by experience and there is limited definitive guidance on 
the subject. 

2. Evaluation of the A&E Proposal 

Additionally, the problem surfaces when the nego- 
tiation board is evaluating the A&E's fee proposal. If 
there is a wide range between the government estimate and 
the A&E's proposal, who 1s correct? The negotiation process 
can resolve differences or misunderstanding on the scove of 
the construction project, but differences of opinion for re- 


quired design services can be difficult to resolve, such as 


determining appropriate quantities of design work. For 
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example, “How many hours does it really take to design a 
barracks?" Obviously the answer is dependent on many 
variables, and a range of answers could be considered 
acceptable. Comparing the A&E's proposal to the govern- 
ment estimate will aid in defining the limits of that range, 
but there is a lack of organized empirical information 
available to assist in resolving the differences. 
3. An Acquisition Database 

A potential source of information available to the 
EIC for developing estimates and evaluating proposals is the 
existing A&E contract files. Comparisons to similar A&E 
contracts may be beneficial in determining the number of 
drawings, labor hour requirements, cost of studies, etc. 
These contract files represent the "corporate memory" and 
reflect organizational behavior for functions such as A&E 
contract negotiations. However, A&E contract files are not 
organized into a database that allows information retrieval. 
This limits the benefits of the corporate memory to the in- 
dividual EIC when researching the files for a particular 
type of construction project design. Even with EFD computer 
capability available, there is an underutilization of the 
resource in A&E fee estimation. [{Ref. 2] 

This lack of organized acquisition databases is a 
common characteristic of federal procurement agencies. The 
problems caused by this situation were discussed by Blandin 


and Bruno [{Ref. 3] as a result of their research project in 


et 





cost model formulation. They concluded the article, "there 
is a definite need to improve the data collection and reten- 
mien process in a fashion that will render analytically 


responsive results." 


C. GENERAL HYPOTHESIS 
1. Decision Process 

It is the premise of this thesis research that the 
development of an estimate for an A&E contract can be con- 
sidered a decision process. The decision process approach 
will define the inferences between the descriptive factors 
of the project and the requirements for design services. 
Additionally, the decision process approach will establish 
relationships between the various components of the fee 
itemization. 

As discussed in Chapter 2, EICs use a combination 
of the detailed breakdown and cartooning methods for esti- 
mating. The decision process of these methods is presented 
mie tleow chart form in Figures 1 and 2. 

Eo Dec weLon Support 

With the decision vrocess in flow charted form, the 
next step will be to support the process with an A&E con- 
tract database. Using the A&E contract files, the develop- 
ment of a well-structured, comprehensive, and consistent 
database will provide the empirical foundation for decision 


Support. Information can be retrieved from the database or 


iz 





TEE FOWweCHARL oD DECISION PROCESS FOR DESIGN SERVICES 
—sweer Lou A= 










THE DESCRIPTION OF THE PROJECT TO 
INCLUDE: DATE; ESTIMATED CONSTRUC- 
TION COST; LOCATION; TYPE OF WORK, 

FACILITY, CONTRACT; COMPLEXITY; 
LEAD DISCIPLINE. 









COST 
ESTIMATOR 


PORES IE 


TOTAL DESIGN 
SUPPORT 


ess 


TOTAL DESICN 
OURS 







PROJECT 
ENGINEER 


HRS&DWGS 


STRU 
HRS&DWGS 
OF DRAWINGS 
HOURS PER DRAWING 


rp Gas On LON Bad PB OL IO 
























TH& VARIOUS LABOR RATES APPLIED TO THE HOURS FOR EACH 
DISCIPLINE SEPARATED PROFESSIONAL AND SUBPROFESSIONAL 


SUBJECT TO THE 
x OVERHEAD 6% LIMITATION 
PROFIT 
TOTAL DESIGN SERVICES 


SECTION A 





Baoiine 1] 


duet 





Poors LOWSCHARTED DECISION PROCESS FOR ENGINEGRING SERVICES 
AND CONS ERUCTION CONTRACT SUPPORT SERVICES (CCSS) 
[SCHR VONS 3S AND C- 








THE SOESerar TION OF THE PROJECT TO 
INCLUDE: DATE; SSTIMATED CONSTRUC- 
TION COST; LOCATION; TYPE OF WORF, 
PAG rae GONCRAGCT; COMPLEXITY; 
LEAD DISCIPLINE. 


So nr 
ee 
ee. 
eo CtCt—S 


TRAVEL 











NUMBER OF 


TOTAL ENGINEERING 


DRAWINGS SERVICES=-SECTION 5 





CONSULTANT & SHOP DRAWINGS 
PROFESS IONAL 


CONSULTANT & SHOP DRAWINGS 
SUBPROFESSIONAL 


VARIOUS LABOR RATES 
HePitED TOsHOURS WITH 


AS~BUILT PREPARATION OVERHEAD & PROFIT 
PROFESSIONAL 


TOTAL CeSs 
AS~BUILT PREPARATION SECTION C 
SUBPROFESSIONAL 








analytically derived to support each step of the decision 
process. 

In addition to decision support, the development of 
the contract database will serve to support cost model for- 
mulation. The formulation of a cost model will focus on the 
general behavior of A&E cost from an objective and statis- 
tical perspective. The use of cost models for A&E fee 
estimation is limited due to the requirement to develop 
estimates in detail. However, cost models may be construc- 
tively used in the initial planning and/or budgeting stages 


of a design program or in determining a scoping estimate. 


PeeeeOSBIECTIVES OF THE RESEARCH 
Analysis of the cost estimation for A&E contracts with 
emphasis on the decision process and decision support 
approach accompanied by a well-structured database should 
achieve the following objectives: 
1. Provide the government negotiator with strong empiri- 
cal evidence and information as to the propriety of 


the A&E firm's fee proposal. 


2. Serve as a pricing model for the EICs within an or- 
ganization to develop consistent estimates. 


3. Keep A&E contract pricing information up-to-date. 


4. Develoo cost trends for A&E contracts that can be 
Seneamea EO EGCOnomiLcC indicators to project cost on 
future A&E contracts. 


5. Serve as guidelines to the newly hired or inexperi- 
enced government engineer in developing the ability to 
transform construction project scope into the required 
level of effort for design services. 


i 





6. Define the relationship between the various compo- 
nents of the fee itemization (number of drawings, 
hours per drawing, total man-hours, engineering sup- 
port cost, ect.) for different scopes and types of 
Se@nstruceron projects. 

fee hss PHODOLOGY 

The research was conducted in four phases. The first 
phase involved constructing the necessary database. The 
data was collected from the Contracts Division of Western 
Division, Naval Facilities Engineering Command, San Bruno, 
California and included 300 A&E contracts negotiated over a 
eaiety month period. 

The second phase included performing numerous analytical 
computations to support the decision processes of A&E cost 
estimation. For each computation, a sample size, average, 
and standard deviation was computed. The computations were 
first performed on the complete database, then on different 
groupings of contracts. The groupings were based on eight 
factors which define and describe the A&E contract and the 
related construction project. Statistical techniques such 
as confidence intervals, multiple contrasts, and difference 
of means were used to determine the significance of the 
descriptive factors on A&E contract cost. 

Cost model formulation was the objective of the third 


phase. Multiple linear regression was used to develop a 


prediction model for total A&E fee compensation, as well as 


nS) 





SeoieeteCaneestlb—cotals Of the contract including total pro- 
fessional design hours and number of drawings. 

The fourth phase of the research was to test the valid- 
ity of the decision process approach. The test was con- 
ducted by applying the decision support system to several 
test cases. Each test case was an A&E contract negotiated 
after the time period covered by the database. The test 
involved developing the estimate from the project descrip- 
tion, then comparing the estimate to the government estimate 


and then to the negotiated contract. 


F. THESIS ORGANIZATION 

Chapter II provides a background discussion of the Naval 
Facilities Engineering Command's Design Program and of the 
selection, negotiation, and award process for A&E contracts. 
Additionally, an overview of the debate and controversy 
concerning the Brook's Bill is presented as well as the 
Department of Defense and Navy position on the issue. The 
chapter is concluded with a discussion of construction de- 
Sign estimating methods, the requirements and limitations 
placed on the government estimate, and the components of an 
A&E fee itemization. 

Chapter III describes the methodology of the thesis re- 
search. Specifically, the development and description of 


the database, the analytical computations and statistical 


I 





techniques performed, and the formulation of cost models are 
Seplained in Significant detail. 

Chapter IV presents the findings of these computations, 
techniques, and models in support of the decision process 
and decision support approach to A&E contract estimation. 

Chapter 5 demonstrates an application of the decision 
process approach. Additionally, the results of three test 
cases are presented to show the effectiveness of the deci- 
sion support methodology. 

Chapter 6 concludes the thesis with a summary of the 
background discussion, objectives of the research, and 
results. Additionally, recommendations for future research 


are provided. 


G. SUMMARY OF RESULTS 

The decision process and decision support approach to 
A&E contract cost estimation was effective. The objectives 
of this approach were achieved in that estimates which more 
accurately predicted the negotiated contract cost were de- 
rived. Additionally, a greater level of confidence in the 
accuracy of the estimate 1s achieved by having the support 


of a database of empirical information. 
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Ii. BACKGROUND 


eee ARCHITECT & ENGINEER CONTRACTS 
1. Naval Facilities Engineering Command Design Program 

Among the many responsibilities of the Naval Facili- 
ties Engineering Command (NAVFACENGCOM) are those of de- 
mening and Constructing Navy and Marine Corps facilities 
at the worldwide shore installations. The spectrum in- 
cludes operational, training, production, storage, medical, 
administrative, and troop facilities; family housing; and 
merlities. 

The total annual design and construction cost for 
the Navy Military Construction Program reached $752 million 
in 1979. NAVFACENGCOM also manages $50 - $190 million in 
Air Force and Defense Agency construction projects annually. 
Design and construction are administered through six Engi- 
neering Field Divisions (EFD) which divide the U.S. and the 
overseas locations into regional areas. (The six EFDs are 
listed in Appendix A.) 

Two principal objectives dictate the design manage- 
ment process--first, that sound and reliable cost estimates 
Peeepresented in the annual construction request to the 
@emeress; and secondly, that award of construction contracts 
For quality engineered facilities are promptly enacted once 


authorizations and appropriations are enacted. 


is, 





Planning and design funds are budgeted at a little 
less than six percent of the estimated cost of the planned 
construction program, with the bulk of the design effort 
being done by architect/engineer (A&E) firms under contract. 
[Ref. 4] 

In addition to the design and planning of the Mili- 
maey Construction Program (MILCON), the bulk of design work 
for maintenance, repair and alteration construction pro- 
jects funded through the Operations and Maintenance, Navy 
(O&M, N) appropriation is accomplished under contract with 
A&E firms. These A&E contracts are awarded at the EFD and 
local activity level. 

Approximately 90% of all design work for the Navy 
is done by A&E firms. The scope of the design effort is 


quantified as follows [Refs. 5 and 6]: 


Fiscal Obligated for Total Value of NG- Or Aah ficms 
Year MILCON Design* All A&E Contracts with Contracts 

76 $46,899,000 567,50), 000 947 

ay, Sol o5 7000 V2eo00, 000 1069 

78 Ora 000 BOO 0G, 000 1378 

79 53,941,000 SEALE ONC) 5 OKO e 1418 

80 6 le 2 3 000 2200 , 000 1355 

a) Purpose 


A&E contracts can be awarded for many different 


purposes related to the design and construction of a pro- 
ject. The scope of an A&E contract can involve any or all 


Seeene following items of work: 


*Figure includes both A&E contracts and in-house design 
Sirort. 
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1. Investigations to determine feasibility of proposed 
projects. 


2. Other preliminary investigations and studies, with 
accompanying analyses, cost estimates, and reports. 


3. Collection of design data such as topographic surveys, 
characteristics of subsurface materials, traffic 
census, Origin and destination studies, manufacturing 
processes and related information. 


4. Investigation of existing conditions where alterations 
are involved. 


Be Preparation of construction contract plans, specifi- 
cations and final cost estimates. 


6. Assist with interpretation of plans and specifications 
Gumsilmag scOnSErUCtION. 


7. Check shop drawings submitted by the construction 


GCOMneracecor. 
8. Resident engineering service during construction. 
9. Inspection of completed construction, supervision of 


performance tests, and related items to determine con- 
formance with plans and specifications. 


10. Preparation of "as-built" drawings for record. 


ll. Consultation and other related technical and profes- 
Slonal services. [Ref. 7] 


Contracts with A&E firms normally provide two options 
or phases, which are awarded sequentially. The initial 
award is for the conceptual work of identifying feasible 
technical alternatives and then developing the initial de- 
Sign for the most advantageous, cost-effective choice. This 
effort is referred to as the "35 percent design." When the 
A&E completes this stage of design and has submitted it for 
review and approval, a second option for the final design is 


made. The design effort can be stopped at the 35 percent 
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stage if necessary, which does not happen often. However, 
in those instances when a project must be deferred or the 
requirement for it no longer exists, limited design funds 
can be saved by termination at the 35 percent stage. This 
procedure also affords the opportunity to engage another A&E 
when the 35 percent design is considered unsatisfactory. 


[Ref. 8] 


a AUCHOrity 


A&E contracts are awarded through a negotiated pro- 
curement process. In general terms, this authority 1s pro- 
mmaed by 10 U.S.C. 2304.(a), subparagraphs (4) and (17) as 


follows: 


Purchases of and contracts for property or services cov- 
ered by this chapter shall be made by formal advertising 
in all cases in which the use of such method is feasible 
and practicable under the existing conditions and circum- 
Stances. If use of such method is not feasible and prac- 
ticable, the head of anagency, subject to the requirements 
for determinations and findings in section 2310, may nego- 
tiate such a purchase or contract if .. . (4) the purchase 
or contract is for personal or professional services;. : 
(17) negotiation of the purchase or contract is otherwise 
authorized by law. 


In the case of procurements for A&E services, sub- 
eemecgrapn (17) of 10 U.S.C. 2304.(a) applies as 10 U.S.C. 
7212 provides for the employment of outside architects and 
engineers as follows: 


Whenever the Secretary of the Navy believes that the 
existing facilities of the Department of the Navy are 
inadequate and he considers it advantageous to National 
defense, he may employ, by contract or otherwise, without 
advertising and without reference to sections 305, 3324, 
meme lt>, 5331-5338, 5341, 5342 and 7154 of title 5, 
architectural or engineering corporations, or firms, or 


ie) 
i) 





individual architects or engineers, to produce designs, 
plans, drawings, and specifications for the accomplishment 
of any Naval public works or utilities project or for the 
construction of any vessel or aircraft, or part thereof. 
More specific authority concerning negotiated pro- 
curements for A&E services is cited in 40 U.S.C. 542 and 
Public Law 92-582 as follows: 
The Congress hereby declares it to be the policy of the 
Federal Government to publicly announce all requirements 
for architectural and engineering services, and to nego- 
tiate contracts for architectural and engineering services 
on the basis of demonstrated competence and qualification 


for the type of professional services required at fair and 
reasonable prices. 


eee ecOrlaLted Apcnicect and Engineer Contract Process 

Construction projects inevitably begin with the in- 
ception of an idea. After authority has been received to 
award a contract for the construction, repair, and/or main- 
tenance of a facility and the funds have been approvriated, 
the original idea is expanded into a construction design. 

There are essentially two methods of obtaining a 
design: the first is to use government personnel consisting 
of engineers and architects who are Civil Service employees; 
and the second is to contract with an A&E firm. 

The determination of whether or not to use an A&E 
firm requires an investigation of a number of factors. Among 
those considered are the availability of in-house capability 
to meet the time requirements, and the type of project to be 
designed. Two important questions asked are: Is the pro- 


posed project located close in-house deSign capability, or 





some distance away? Does the design division already have a 
balance of large and small jobs? If they do, the design di- 
vision may want to consider to design by A&E contract. 
Another consideration may be the government's inability to 
contract within the fee limitations discussed later in this 
chapter. Once it is decided to contract for A&E services, 
an established NAVFACENGCOM procedure [Ref. 9] is followed 
for negotiating and awarding the contract. 

Technical competition is a method employed to select 
a contractor where the qualifications of the contractor are 
of greater importance thanthe ultimate price of the contract 
or where the nature of the services to be procured make price 
competition impracticable. Technical competition is the 
method used for the award of A&E contracts, pursuant to Pub- 
Pre Law 92-582. The A&E contracting procedure consists of 
four steps: (1) synopsis, (2) preselection, (3) selection, 
and (4) negotiation and award. 

a. Synopsis 

In accordance with Public Law 92-582, all A&E 

selections which are expected to result ina fee in excess 
of $10,000 must be synopsized in the Commerce Business Daily. 
A&E selections of lesser amount are to be publicized through 
appropriate notices at the contracting office and other 
places where they will give reasonable notice to A&E's in 
egemotea Of Ehe project. Each such synopsis or other pub- 


PeeiZing must set forth the significant specific evaluation 





factors to be applied in making the selection decision. The 
following items are examples of A&E selection evaluation 


criteria: 


1. Specialized experience of the firm in the type of work 
required with a listing of specific skills required 
HOG the preject; 


2. Professional capacity of the firm to accomplish the 
EQmectiolatead work witmin the required time limits; 


Bee Proressional Gualifications of staff to be assigned to 
the project; 


4. Innovative design capability; 


Bee acdeduacy and qualification of subcontractors and 
eonsuleants; 


6. Past experience, if any, of the firm with respect to 
performance on Department of Defense contracts; 


fee COSt control effectiveness; 
8. Present workload; 
9. Location of the firm in the general geographical area 


of the project, provided that there is an appropriate 
number of qualified firms therein for consideration; 


10. Volume of work previously awarded to the firm by the 
Department of Defense. 


At least 14 days must be allowed after publica- 
mtemeOf a SYNOpSisS in the Commerce Business Daily to permit 
firms wishing to be considered for selection to indicate that 
fact and file any necessary forms. The following wording 
must be utilized to conclude each synopsis issued by the EFD, 
or subordinate Officer in Charge of Construction (OICC): 

A&E firms which meet the requirements described in this 


announcement are invited to submit completed Standard Forms 
254 (unless already on file) and 255, U.S. Government 





Architect-Engineer Qualifications, to the office shown 
below. Firms responding to this announcement by 

will be considered, and firms having a current SF 254 on 
file with this office can also be considered. See Note 
62. This is not a request for a proposal. 

The Defense Acquisition Regulations (DAR) pro- 
vides that a Standard Form 254 shall be kept on file and 
Meeatead periodically in contracting offices by A-E firms 
which wish to be considered for selections by that office. 
The Standard Form 254 is a general resume of the firm's 
experience. Requiring the filing of additional information 
for retention with a permanent resume, Standard Form 254, 
is not authorized. A firm which does not have a Standard 
Form 254 on file but wishes to be considered for a particu- 
lar procurement may file that form along with the Standard 
Form 255 and/or other indication of interest. 

The Standard Form 255 is a statement by a firm 
@eeeres Qualifications for a particular project for which 
selection 1s about to be made. The synopsis or other pub- 
licizing may require the submittal of a Standard Form 255 
if the estimated fee of the A&E contract is under $25,000, 
but the synopsis must require the submittal of a Standard 
Form 255 by interested firms if the estimated fee is in 
excess of that amount. 

b. Preselection 

A slate (or panel) of qualified firms shall be 

compiled by a slate committee of at least three members 


(officer or civilian). The members shall be selected on the 
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basis of experience. Slate committees and selection boards 
are separate and distinct phases of operation. In order to 
achieve maximum objectivity in selecting A&E's, no person 

may serve on both the slate committee and the selection 

board for a project. The slate committee shall be provided 
with the proposed scope of work, government cost estimate, 
pmeeoa s and 255s, and responses to Commerce Business Daily 
announcements. The slate is not to be prepared from versonal 
records of individual committee members. The slate committee 
shall also consider any experience data that is on file with 
the EFD, supporting data and information that may be ob- 
tained from other EFD'‘'s, the Corps of Engineers, NAVFACENG- 
COM, and other Government agencies, and information that may 
be requested from and submitted by prospective contractors. 
Much information will be provided on Standard Forms 254 and 
mee, Giving specific information concerning the location of 
the firm, personnel of the firm, specialized experience, 
professional capabilities and capacity to undertake the 

work. 

The slate committee shall evaluate each firm in 
light of the criteria set forth in the synopsis. Substan- 
tial efforts must be made to bring in new A&E firms (those 
who have never been awarded an A&E contract or have not 
recently been awarded an A&E contract) into the selection 
process. Each slate committee must assure that new firms 


are given every opportunity to participate on a fair and 
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equitable basis in the A&E program. It is firm DOD and 
NAVFACENGCOM policy that A&E contract selections shall be 
spread among all qualified firms including small and mi- 
momity firms. 

The slate committee shall submit a written re- 
mere tO the OICC. It shall state that the recommendations 
contained therein are based on an examination of contrac- 
tor's brochures, performance records, and indicate the cri- 
teria used. The slate committee's report to the OICC shall 
list not only the names of firms recommended for final con- 
Sideration but also, for information, the names of all other 
firms considered by the committee. The slate committee 
shall recommend at least four to six firms, and in the case 
of major projects of national interest, eight to ten names 
for general consideration and interview. So far as practi- 
cable, the firms to be considered shall be selected from the 
area where the work is located. On larger or specialized 
jobs beyond the capacity of local firms, they may be selec- 
ted from voluntary joint ventures which generally include a 
firm from the area where the work is located. There are 
very few areas in the U.S. today where the A&E profession is 
not capably represented. Although primary consideration 
should be given to experience and satisfactory performance, 
effort shall be made to spread the work and to give con- 


Sideration to new firms. Firms having awards of $100,000 or 
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more in the current or preceding calendar year normally will 
be excluded if other qualified firms are available. 

An OICC may approve the slate as submitted, or, 
if not satisfied with the report of the slate committee, may 
return the slate to that committee or to a new slate commit- 
tee with instructions for restudy and preparation of a new 
slate. An OICC may not add firms to slates or delete firms 
from slates. The convening of a new slate committee may be 
necessary when substantial time has elapsed, Government 
personnel have departed, or other good and sufficient rea- 
sons exist. 

G. Selection 

The approved slate shall be forwarded to the 
Selection Board, together with all of the brochures, per- 
formance records, and other data available for the firms on 
that slate. The Board shall interview the recommended firms 
with regard to establishing their technical qualifications, 
experience, organization, capacity, current workload, imme- 
diate availability, key individuals who will be placed on 
the work, and other relevant factors. In the event there is 
a possibility of follow-on work, interviews and selection 
bases should include the candidate firms' qualifications for 
the entirety of the work. There shall be no discussion, at 
the time of the interview, of the price to be paid for ser- 
vices. However, the general magnitude of the proposed 


contract may be indicated for the purvose of avoiding 
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misunderstandings. The Selection Board may not add firms 
BO, Or delete firms from, the slate. 

If the Government estimate for the contract is 
less than $10,000, the selection may be made on the basis of 
prior interviews or the data on file, subject to telephone 
PerritEication of the firm's interest, current work load, 
availability of qualified personnel and other relevant fac- 
tors. Selection solely on the basis of Standard Form 254's 
and 255's is hazardous, in that a firm's circumstances may 
have changed since they were prepared. 

If the Government estimate exceeds $10,000 or if 
EmeeprO ect 1s of more than routine difficulty, the selec- 
tion shall be based on oral or written discussions with the 
recommended firms. Discussions shall be directed to the 
Specific project under consideration and may be conducted by 
telephone (as hereinafter set forth) when considered appro- 
Driate. However, A&E contracts expected to exceed $50,000 
in fees should be awarded on the basis of personal inter- 
views by a Board of at least three members, each of whom 
shall attend the interviews. Telephone interviews are not 
to be used when A&E contracts are expected to exceed $50,000, 
except in urgent situations approved in advance by the EFD 
Commander. 

As soon as possible after the interviews, the 
Board shall, in private session, discuss the qualifications 


of the firms interviewed. The Board members shall, bv 
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secret written ballot, select the firm they consider best 
Seittied £0 perform the particular project at the particu- 
lar time required. The Board should also select a second 
meet hird firm in order of preference. The ballot shall not 
be signed and no attempt shall be made to ascertain how in- 
dividual members voted. It is within the discretion of the 
Board to decide, before a ballot is taken, that a two-thirds 
or a three-fourths vote (or a simple majority) shall be re- 
quired for selection. No representatives of the contractors 
or other private interests shall be permitted in the room 
during the Board's discussion of the qualifications of the 
firms that have been interviewed, and persons who are not 
members of the Board shall not be permitted in the room 
eeeang balloting. 

A Board Report, in the form of a written recon- 
mendation to the OICC, shall include an explanation of the 
reasoning on which the Board recommends the particular firm 
but shall not indicate how individual members of the Board 
meeead. The OICC shall specifv, in writing, his approval or 
disapproval. When an OICC approves and forwards to the Board 
for final consideration the slate of contractors, it must be 
considered that every firm on the slate is basically quali- 
fied to perform the work in question. 

The contractor who is selected shall be advised 
Dy letter that the OICC wishes to receive a price proposal 


for the services in question with a view toward entering 


Sit 
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into a contract if a satisfactory price agreement can be 
achieved. It should be clearly stated that this notice 1s 
not an award or a commitment by the Government. Suggestion 
Meee the contractor visit activities or incur other costs 
im preparation for the price discussions is desirable. How- 
ever, it should be stated that the suggestion is made for 
the contractor's benefit and that any decision as to whether 
@emcomply is at his own discretion. The Government will not 
be responsible for the costs incurred. 

ad. Negotiation and Award 

After receipt of the price proposal from the A&E 
firm, the negotiation board shall carefully review and com- 
pare it with the government estimate in order to determine 
whether or not there are any significant differences. If 
the contractor's proposal is equal or less than the govern- 
ment estimate, the amount involved is $25,000 or less, all 
elements of the proposal are in line with the estimate, and 
the negotiation board is fully satisfied that the contractor 
has a complete and full understanding of the work to be 
performed, award may be made without further negotiation. 

If any element of the price proposal varies sig- 
nificantly with the government estimate, even though the 
total amount may be in accord with the government estimate, 
or if the amount involved is over $25,000, the negotiation 
board shall schedule a meeting with the contractor for the 


purpose of negotiating the contract price. Normaliy such 
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Peaetiattons wall first involve a discussion of the work to 
bewpertormed in order to assure that there is no misunder- 
standing between the government and the contractor as to the 
mature and extent of the work. In this regard, discussions 
@eeasionally identify errors in the government estimate. 
When errors are found, the government estimate should be 
adjusted as may be appropriate. This adjustment may be made 
in the Board Report and need not be made in the estimate 
per se. 

On completion of discussions of the scope of 
work, the parties should conduct a detailed review of the 
various price elements. Normally, if the overall price is 
in agreement this discussion will start with proposal items 
that are out of line with the government estimate. However, 
if there is a significant Aifteredee as to the total price, 
it is in the best interest of both parties to proceed with 
an item by item analysis to determine the reason and basis 
for the differences between the proposal and the government 
estimate. 

During negotiations, figures in the government 
estimate may be disclosed to the extent deemed necessary in 
arriving at a fair and reasonable price. However, under no 
circumstances may the overall government estimate be 
disclosed. 

For all negotiated procurements a Board report 


Or memorandum of negotiation shall be prepared. This report 
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shall include as a minimum, the justification for the recom- 
mended price including any differences between the contrac- 
tor's proposal and the government estimate and the method 
of resolution thereof and justification for any negotiations 
concerning time. 

In the event that a price cannot be negotiated 
with the selected A-E firm, Section 904 of Public Law 92-582 
provides instruction for continued negotiations as follows: 


The agency head shall negotiate a contract with the 
highest qualified firm for architectural and engineering 
services at compensation which the agency head determines 
is fair and reasonable to the Government. In making such 
determination, the agency head shall take into account the 
estimated value of the services to be rendered, the scope, 
complexity, and professional nature thereof. 


Should the agency head be unable to negotiate a satis- 
factory contract with the firm considered to be the most 
qualified, at a price he determines to be fair and reasona- 
ble to the Government, negotiations with that firm should 
be formally terminated. The agency head should then under- 
take negotiations with the second most qualified firm. 
Failing accord with the second most qualified, the agency 
head should terminate negotiations. The agency head should 
then undertake negotiations with the third most qualified 
rm . 


Should the agency head be unable to negotiate a satis- 
MmaierOory Contract with any of the selected firms, he shall 
select additional firms in order of their competence and 
qualifications and continue negotiations in accordance with 
this section until an agreement is reached. 

No negotiated contract or change order shall be 
awarded nor shall a contractor be authorized to proceed with 
work, pending award, until all of the reviews, approvals and 


clearances have been obtained. Mma eto ne sCcOntniact Or 


Change order shall be awarded unless the OICC is in possession 





meeacdequate funds to fully cover all of the work required to 
mem performed by the contractor under the terms of the con- 
tract or change order. This does not require that the OICC 
hold funds adequate to cover options or other future con- 
tingencies which are not a mandatory requirement of the con- 
tract or change order as issued. 

Subsequent to the award of an A-E contract, 
after required approvals have been obtained, information may 
be released identifying only the firm selected and the total 
amount of the award. The agreed to estimated construction 
cost of the facility to be designed shall not be divulged. 
In no instance shall other firms be given access or informa- 
tion concerning the price or technical information submitted 
by another offeror with the exception of revealing the price 
upon which award was made. 

2. Open-Ended Architect & Engineer Contracts 

The term “open end contract" refers to a special 
category of A&E contract wherein a firm is engaged to do the 
design work on a particular voroject with the stipulation 
that the firm will then be provided additional projects to 
design, up to a maximum total design fee, on an "as needed" 
basis. The advantage of this type of contract lies in the 
ability to award small design packages in a relatively short 
time frame. 

To permit the greatest flexibility in obtaining de- 


Sign services wherever they may be needed, open end contracts 
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can be in effect in each of the major geographical areas of 
mee b. Loeprovide for further flexibility and to allow 
greater use of smaller specialized forms, contracts may be 
established for each of the primary design branches the 
EFD's design division. 

OICC are authorized to assemble open-ended A&E pro- 
Heeres required to be performed within a six month to one 
year period and synopsize these projects in a single synop- 
sis in the Commerce Business Daily, with selection and award 
subject to: 


1. No contract shall exceed $99,000 in total A&E compensa- 
(Caleoleu 


2. No single project shall exceed $40,000 in total com- 
pensation. 


3. A specific project or projects must be in existence at 
Emestime Of Syme@psizing, with completion of other pro- 
jects of a similar nature Known to be required within 
the reasonable future. 


4, Selection must be based upon personal interviews of 
Brrms Dy the selection board. 


5. The method of administration proposed herein is to 
avarad an A&E Contract for certain basic work, with 
other work to be added by negotiated, fixed-price, 
lump-sum change orders during the life of the contract. 


6. The initial selection board interviews and report 
should clearly describe the initial work and generally 
describe the additional work contemplated by the selec- 
tion, with a total estimated fee for the particular 
contract and a showing of the general magnitude of the 
work for which the contractor was selected. 


7. Meticulous and judicious care must be taken to spread 
A&E fee work so that several contractors are selected 
BoE eWwOrmK at any Oarticular activity. For example, if 
total A&E fee compensation for a given one-year period 
1s estimated at $100,000, then the work should be 








Dreamed aemanmer cO UcLIIzZe at least three or four 
Seneracts. 


8. The authority set forth herein is in no way to be con- 
sidered permission to contract for personal services, 
engineering on an hourly basis, or the hiring of en- 
gineers in contravention of personal services 
BEOwioLt LOns. 

There are no limits other than the $40,000 on the 
amount of the initial award. However, it is obvious that 
too large an initial contract seriously limits the amount 
of subsequent awards. In connection with the $40,000 
limit, incrementation of a design is not allowed, i.e., it 
memerliegal to award the 35 percent or some other part of the 
design in one change order and then award the final design 
in a separate change order to avoid the limitation. All 
services for any one design must be included in a single 
change order. An open end contract cannot be initiated 


unless it is based on a firm requirement for a particular 


design. [Ref. 10] 


Eee OPPOSITION TO PUBLIC LAW 92-582 
i. General 

The selection of A&Es using the technical competition 
method is authorized by Public Law 92-582, commonly referred 
to as the "Brooks Acts" for 1ts proponent, Jacks Brooks, 
Chairman of the House Government Operations Committee. The 
law was enacted in October 1972 as an attempt to strengthen 
competition in the awards of design contracts to Architect- 


Engineer firms for Federal projects. 
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Public Law 92-582 added two requirements to the tra- 
ditional method used by Federal agencies to select architect- 
engineer firms. These were to (1) publicly announce proposed 
Peegects and (2) have a discussion with at least three firms 
meror to selecting a firm with whom to negotiate a price. 
These two requirements were incorporated in the technical 
competition selection method. 

The architect and engineer societies long have en- 
dorsed a procedure, known as the traditional method for 
selecting architect-engineer firms for design contracts. 
Under this procedure fee or price is not discussed prior to 
selecting a firm with whom to negotiate a contract. The 
societies oppose the consideration of fee in the selection 
process. They fear that this would result in price compe- 
tition and deterioration of the quality of services rendered. 
[ref. 11] 

2. Lack of Fee Consideration 
a. General Accounting Office 

The lack of fee consideration in the selection 
of an A&E firm has been highly controversial and the subject 
or debate. The current controversy began in 1965, when the 
General Accounting Office (GAO), in a report to Congress, 
raised the issue that a fee vaid by NASA for the design of 
a Nevada facility had exceeded the statutory 6% limitation 


imposed by law. As a result of a government study authorized 





by Congress, GAO recommended price competition for the se- 
Heereon of consultants. [Ref. 12] 

Specifically, the GAO report in April 1967, en- 
titled "Government-Wide Review of the Administration of 
Certain Statutory and Regulatory Requirements Relating to 
Architect/Engineer Fees" suggested to the Congress that A&E 
services be acquired through competitive negotiation tech- 
niques prescribed in Public Law 87-653. 

Bmolic Law 87-653 (section 2304 (g) of Title 10 U.S.C.) 
and the Federal Procurement Regulations require with cer- 
tain exceptions, that, in all negotiated procurements in 
excess of $2,500,* proposals be solicited from the maximum 
number of qualified sources consistent with the nature and 
requirements of the supplies or services to be rendered 
and that written or oral discussions be conducted with all 
responsible offerors who submit proposals within a compe- 
titive range, price, and other factors considered. 

However, in response to the 1967 report, repre- 
sentatives of professional societies and DOD stated that the 
legislative history of Public Law 87-653 constituted sub- 
Stantial ground for concluding that the competitive negotia- 
tion requirements of the law were not intended to apply to 
A&E services. In this regard, GAO felt it important that 
the Congress clarify its intent as to whether the competi- 
tive negotiation requirements of Public Law 87-653 were 
applicable to A&E procurements. [Ref. 13] 


The GAO was asked by Congress for its views on 


the proposed Public Law 92-582 in 1972. At that time GAO 


*The $2,500 limitation has since been raised to $10,000. 
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recommended witholding congressional action until the Com- 
mission on Government Procurements had an opportunity to 
report its recommendations to the Congress, but stated the 
belief that the concept of competitive negotiations could 
be as successfully applied to the procurement of A&E ser- 
vices as it has been to similar professional services with- 
Smewcegrading the quality of service. The Congress, however, 
decided to enact the legislation which estapolished the Brook 
Laws with the technical competition selection method. 
In its December 1972 report, the Commission on 

Government Procurement gave majority and minority opinions 
on procuring A&E services. The majority recommended that: 

Procurement of A&E services, so far as practicable, be 

through competitive negotiation technigues and based on 

the premise that selection be made primarily on technical 

competence and merits of end products, including cost, and 

that the fee to be charged would not be the dominant fac- 

mer in contracting for professional services. 
The Commission minority recommended that procurement of A&E 
services be based on the process as indicated in Public Law 
92-582. They maintained that methods recommended by the 
majority would be less effective in obtaining the best pro- 
fessional services than the traditional selection method and 
might result in the A&Es fee estimate becoming the "vrimary 
meaeeor for selection purposes." (Ref. 14] 

Since the issuance of the Commission's report, 


Semeral bills have been introduced in the Congress sup- 


porting competitive negotiation techniques for selecting 


49 





A&Es. Also, as alleged A&E award abuses have become widely 
publicized, several professional organizations have studied 
A&E selection procedures and have suggested improvements 
which could be made to alleviate such abuses. These studies 
stressed that selection procedures paralleling Public Law 
92-582 provide sufficient competition and enable clients to 
obtain the best end product. This is in accord with posi- 
tions previously taken by the professional organizations. 
Their recommendations encouraged States to enact legislation 
paralleling Public Law 92-582 as well as encourage State 
licensing boards to adopt codes of ethics and responsibility 
for disciplinary actions (where possible through legisla- 
tion) against violators. [Ref. 15] 
The GAO again attacked the Brooks Law in 1976 

[Ref. 16] for the lack of fee consideration in the selection 
process. The basis for the report 1s cited as follows: 

The competition--or lack thereof--required by the Federal 

Government in procuring A&E services differs from that 

required for most other procurements. This has been the 

topic of considerable debate and interest for many years. 

Aroused public and congressional concern, plus the belief 

that contracting procedures can be strengthened and compe- 

tition improved, caused us to evaluate the manner in which 

the Federal Government procured these services. 

The conclusion of the GAO report recommenced the 

Congress repeal Public Law 92-582 or provide for its amend- 
momen cQ require competitive negotiations. Engineering-News 


Record [Ref. 17] summarized the report as follows: 


@#n a far-reaching and highly critical report on fed- 
eral architect-engineer selection practices, the General 
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Pecounting Ofrtice (GAO) has called for repeal of the 
Brooks law and greater emphasis on fees in choosing con- 
struction designers. 

The report signals little changes in GAO's historic 
view of greater price competition in A&E procurement, but 
it is significant in that it details objections to the 
traditional non-fee selection method by government agen- 
cies and strongly urges Congress to overhaul the system. 

The report is seen as the opening shot in a battle to 
revamp federal A&E selection methods when Congress recon- 
venes next year. The Department of Justice and the Office 
of Management and Budget's Office of Federal Procurement 
Policy also favor major A&E selection changes. 

The GAO further concluded that the Department of 
Defense and General Services Administration have generally 
complied with the two changes that PL 92-582 made to the 
traditional method of A&E selection, i.e., (1) the public 
announcement provision, and (2) the discussion provision. 
However, the GAO 1s of the opinion "that the law has not 
brought about any significant change in the competition 
among A&Es for Federal projects." [Ref. 18] 

b. Professional Codes of Ethics 

Prior to 1972, the architect and engineer indus- 
try, in their Code of Ethics, forbade their members from 
submitting prices with their offers for comparison with 
prices submitted by other architects and engineers on the 
Seme project. This practice is inherent in the traditional 
method of selecting A&Es and is prescribed in the Brooks 
Law. Andrews [Ref. 19] therefore concludes that the A&E in- 


G@Msery is able thereby to fix prices for its services and 


Peevenc its members from offering lower prices in a truly 
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Sempecitive market. Additionally, he states that a govern- 
femme contracting officer who 1s faced with prices fixed by 
the industry is reluctant to give up the best qualified firm 
if he will be negotiating with the second or third best 
Gualified at the same prices. 

The United States Department of Justice (DOJ) 
began to question the learned professional's exemption from 
the Sherman Anti-Trust Act. On May 1, 1972, DOJ filed a 
complaint against the American Society of Civil Engineers 
(ASCE) for violation of the Sherman Act with respect to re- 
straint of interstate trade. Article 3 of their Code of 
Ethics, the item that brought the DOJ suit against ASCE, 
declared it unprofessional to invite or submit priced pro- 
posals under conditions that constituted price competition. 
ASCE, deciding it was wiser to comply than fight, signed a 
Consent Decree with the DOJ and removed the offensive por- 
rom, ot the Article from the Code of Ethics. The American 
Institute of Architects also found it easier to comply, but 
the National Society of Professional Engineers (NSPE) de- 
Cided to fight the DOJ suit. After nearly 5-1/2 years and 
many dollars, the United States Supreme Court ruled against 
Seem on April 25, 1978. [Ref. 20] 

Even though the modern trend in the courts is 
apparently to strike down long-standing ethical standards as 
in the NSPE case, the decision did not embrace competitive 


bidding or endorse the concept. Rather, as discussed by 
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mmm tRet. 21}, the Court noted that ". . . competitive 
bidding for engineering projects may be inherently imprecise 
eee incapable of taking into account all the variables which 
will be involved in the actual performance of the project." 
The Court recognized that an owner might conclude that his 
interest in quality outweicghs the advantage of achieving 
cost savings by pitting one competitor against another. 
Finally, the Court even recognized that NSPE had provided 
ample documentation for its thesis that competitive bidding 
might lead to defective results, but concluded that even 
with such documented reasoning, the ethical standard could 
not stand under a "per se" approach, thus rejecting the 
"rule of reason" rationale. Lunch concluded the article 
with the following: 

It seems to be difficult for antitrust authorities to 

recognize that there is indeed intense competition for 

engineering assignments, and always has been, and that 

Such competition is mandated by the Federal Brooks Law and 

Similar state laws governing A&E procurement. Unfortu- 

nately, they fail to understand that there is more to com- 

petition than price competition; that price competition 

has meaning only when the things being compared are equal, 

and that this can never be in the conception and formula- 

tion of an intellectual approach to a problem or need of 

a client for an engineering project. 

c. Congressional Action 
Gengressehas attempted various actions in an 

effort to introduce fee consideration in the selection of 
A&E firms. However, as pointed out by Andrews [Ref. 22], 


the efforts have not been coordinated with consistent legis- 


lative proposals. 
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The House investigative staff and members of the 
Subcommittee on Appropriations having jurisdiction of de- 
fense construction recommended accordingly that there be a 
test and evaluation of competitive pricing procedures for 
A&E services. However, Assistant General Counsel (Logis- 
tres) Trosch, in a written opinion, stated that the Depart- 
ment of Defense was limited by its Construction Authorization 
Act (Section 604, PL95-356) to a selection process that is 
"Consistent with the oresently established procedures, 
customs, and practice," as set forth in the Brooks Act. He 
concluded that a statutory vorovision specifically authorizing 
such a test of price comparison would have to be enacted by 
the Congress. 

However, in November, 1978--in accordance with 
the instructions from the House Conference Committee--the 
U.S. Corps of Engineers began the implementation of a five 
million dollar test program for considering price as a fac- 
tor in the selection of architect-engineers. 

In January 1979, shortly after the test program 
was under way, its legality was questioned by a staff member 
of the Senate Armed Services Committee. On February 27, 
1979 Senator Hart wrote Secretary of Defense Brown asking 
that further work on the test be suspended and noted that 
". . . the test appears to violate Section 604, PL 95-356 
which requires that A&E contracts be awarded in accordance 


with established procedures unless otherwise specifically 
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mienorcizea by the Congress ...." The “established pro- 
cedures" are those prescribed by the Brooks Act. 

In response to a letter inquiry from Representa- 
tive Jamie L. Whitten, Chairman of the Committee on Appro- 
Meemecrons, dated August 1, 1979, the Comptroller General of 
the United States, in his reply of September 28, 1979 ad- 
vised that because of the specific restriction of the Au- 
Ee@rization Act, "The Congress must explicitly do so 
(authorize a pilot program) by specifically authorizing the 
test procram by means of legislation." However, the Mili- 
meey Construction Authorization Act, 1980, contained the 
same Section 604 restriction on price competition for 
architect-engineer procurements as did the earlier Act, 
mechne Military Construction Appropriation Act, 1980, con- 
tained no specific authorization for a test program. 

' ine Department of Defense Position 
a. General 

The controversial issues over the A&E selection 
method for Federal projects has continued for several years. 
The basis of the controversy is P.L. 92-582, the Brooks Law, 
which establishes the "traditional" method of selecting A&E 
firms. There have been numerous proposals for changes to 
the law, but no congressional action has changed the Brooks 
Law since it was enacted in 1972. 

Opponents of the Brooks Law argue the following 


Major points: 
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1. The A&E industry can operate a price-fixing system for 
design contracts, 


2. Favoritism and political corruption can be exercised 
with the current selection process, 


3. There is no incentive for offering lower prices on 
part of the A&E industry, 


4. Price comparison of different proposals is precluded. 
Advocates of the Brooks Law, who oppose the in- 
troduction of fee consideration in the selection process, 
argue the following points: 


1. The qualifications of the selected A&E are more im- 
Pertant than price, 


2. The consideration of fee will dominate the negotiation 
discussions, 


3. A&EsS will be forced to cut corners on the design ef- 
fort to remain competitive, and as such, the quality 
of design, innovation, and creativity will be reduced, 


4. The detailed development of fee and project proposals 
will increase design cost and delay project completions. 


b. DOD Response to GAO 
The Department of Defense in response [Ref. 28] 
to the GAO draft report titled “Review of Architect-Engineer 
Selection" commented on the GAO's proposed changes to or 
repeal of the Brooks Law to include price considerations in 
the selection of A&E. This letter defined the position of 
the DOD. 
The determination of the best method for selecting 
A&E's has been a controversial issue for many years. We 
concur in the statement of the report that Federal pro- 
cedures should be a model for the Nation. The question to 
be examined therefore is what should be the objectives of 


a model selection system. In our view such a system 
should: 
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_. Result in obtaining quality services for translating 
Government facility requirements into aesthetic and func- 
tional designs. 


. Provide economical construction considering life cycle 
costs. 


. Distribute the available work among all qualified firms 
including large, small, minority, and new firms. 


. Provide safeguards to assure that public funds are being 
properly administered and that favoritism is not a factor 
in the selection process. 


. Provide an administratively efficient system so that 
A&E's can be selected in a reasonable time with reasonable 
eerort. 


. Permit A&E's to seek and secure commissions without ex- 
pending excessive time and resources and to receive rea- 
sonable fees on the basis of the required scope of work. 


. Provide flexibility to permit variations in procedures 
to accomodate selections for projects varying in size and 
complexity. 


. Assure that procedures and policies are being followed. 


Unfortuantely, the objectives listed above are such 
that the achievement of one may work to the detriment of 
others. The selection of the most qualified firm may not 
Beoult in obtaining a satisfactory distribution of work 
among firms. Attempting to select the best A&E for a par- 
ticular job may not be compatible with the objective of 
avoiding the necessity for exercising the A&E profession 
in preparing unpaid proposals. Assuring that public funds 
are properly spent may result in an administratively inef- 
ficient system. These examples illustrate the interplay 
of the diverse factors which must be resolved in achieving 
a model system. 


As discussed in the report, a so-called traditional 
method of selecting A&E's has evolved which is now covered 
in P.L. 92-582. This statute does not require considera- 
tion of fee in the selection process and the question of 
whether fee should or should not be considered has been a 
major issue. Another matter of contention concerns the 
amount of material that competing firms should furnish to 
provide a sound basis for evaluation. 
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PLease becenetnerpesttien Of DOD that, P.L. 92-532, 


properly implemented, represents a reasonable balance 
Prong the Contlicting objectives of a model A&E selection 
system. The rationale in support of this position are 
well stated in an exerpt from an Interagency Study on the 
Government Procurement Commission recommendations relating 
to A&E services as follows: 


i. 


The prime objective in selecting an A&E is to obtain 
quality services for the translation of Government fa- 
cility requirements into cost effective, functionally 
and aesthetically satisfying construction plans. 


The introduction of price competition, regardless of 
the form utilized, does not enhance the selection of 
the best qualified firm. 


The fees for A&E services are a small part of the 
total project cost and any potential difference in 
fees among A&Es would be inconsequential in comparison 
to the savings or other benefits which could be real- 
ized by the Government over the entire life of the 
project from the selection of the most highly quali- 
fied firm, or conversely, the potential monetary loss 
to the Government resulting from the selection of a 
less qualified firm. 


The submission of meaningful proposed concepts and 
project cost proposals by competing A&E firms prior to 
selection would manifestly increase the expenditure of 
effort and costs by both the Government and competing 
firms. The development of design concepts runs 15 to 
30% of normal fees. The routine request of 3 or more 
competitive concepts with project cost proposals would 
be very wasteful. 


The resultant cost and effort required to prepare ade- 
quate concepts and project cost proposals, even for 
routine projects, would constitute a financial barrier 
to the participation of many firms, and most particu- 
larly small and newly formed firms, in competing for 
Federal A&E contracts. 


Miemprepabation by competing ASE firms of carefully 
conceived proposed concepts with realistic pricing for 
the construction end product, followed by Government 
evaluation, would necessarily require significant 
time, thereby unduly delaying the selection of the A&E 
and ultimately delaying the completion of the end 
Proaquct. 
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al. 


i. 


Primary dependence upon estimates and concepts sup- 
Piteaeo) scoOmpecing Lirms would, in general, provide a 
less certain basis for selection of the best qualified 
A&E than is provided under current procedures through 
the use of the professional qualifications and record 
of actual performance of the interested firms. 


The selection of an A&E should continue to be based 
upon Government technical evaluation of: the profes- 
sional qualifications; experience; in-house capa- 
bilities and availabilities; caliber of consultants; 
demonstrated cost consciousness; and the comprehensive 
performance record of the competing A&E firms. 


The depth and sophistication of inquiry, screening and 
evaluation in the selection process should be commen- 
surate with the scope, complexity and urgency of the 
Puenect ana not arbitrarily sound by a rigid, time 
consuming and expensive selection procedure. 


In order to assure the reasonableness of the A&E fee 
proposal, normal procedures require itS comparison with 
an independent detailed Government fee estimate and, 
where fees exceed $100,000 preaward audits of A&E cost 
and pricing data with certification. 


Undue emphasis on price competition might temot A&Es 
to submit unreasonably low prices to promote favorable 
consideration, the the detriment of their ability to 
Satisfactorily perform the necessary professional 
services. 


The currently used (traditional) selection procedure, 
as expressed in P.L. 92-582 and DAR, should be re- 
tained since it provides a reasoned approach to the 
selection of A&E firms, in basic conformance with the 
procedures used in the non-Federal sector, and one 
which is also accepted as an equitable procedure by 
the A&E industry. 


ce pene Navy Position 


The position of the Navy reinforces the DOD 


Opinion. RADM D. G. ISELIN, former Commander of the Naval 


Facilities Engineering Command, presented the Navy position 


on the subject before the Military Construction Subcommittee 





of the House Appropriation Committee [Ref. 24]. RADM Iselin 
is quoted as follows: 


I would like to address briefly the related topic of 
perce Competition in the procurement of architect-engineer 
services. The dialogue on this issue has been going on 
with varying degrees of intensity now for over ten years. 
I freely admit to having very strong convictions on this 
Baeiject, Convictions born of intimate personal involvement 
in this field for many years. 


In buying architect-engineer services, we are not 
buying a predetermined product. We are buying professional 
skill in the engineering and architectural fields, creative 
talent, and a level of effort. Until we go through a 
significant amount of dialogue with the A&E, which I will 
elaborate upon in a moment, there is no mutual under- 
standing between the A&E and the government on exactly 
what the A&E will be required to do, and therefore no 
basis for him to make a realistic fee proposal. 


While we recognize that we are requesting substantial 
sums of money on an absolute basis each year, we feel it 
is important to view the design cost in the perspective 
of the total project cost over the term of its useful life 
span. If we take a typical bachelor enlisted quarters, 
for example, and examine the total cost over its esti- 
mated economic life of 25 years, we find that outfitting, 
operating, maintenance and repair costs represent 56 per- 
@emeeor the life cycle cost, construction costs represent 
42 percent, and the design cost represents approximately 
2 percent. This relatively modest cost notwithstanding, 
the A&E's design effort has critical influence on both the 
42 percent for construction cost and especially the 56 
percent for operations, maintenance, and repair. The 
design funds are ‘front-end money' which has tremendous 
leverage on life cycle costs. Because of this leverage, 
1t is vitally important that we get the highest possible 
technical quality in the design effort. In my professional 
Opinion, any proposal which seeks to reap a near-term 
Seung by reduction in cost, but which increased the risk 
of diminished technical quality of the design effort, is 
short-sighted in the extreme. We will live with the cost 
impacts of that diminished technical quality for the full 
economic life of the facility. This concern is the corner- 
stone of my Opposition to price competition in the pro- 
curement of architect-engineer services. 





=. 


There are, of course, varying forms of price competi- 
Elen, Eanging from outright competitive bidding such as we 
use for construction contracting, to various approaches 
for considering fee as one of several factors. My concern 
is twofold: First, you cannot consider fee by itself--as 
I have indicated--quality of the design effort is para- 
mount; secondly, I feel that once fee is introduced, it 
will tend to dominate. The A&E's fee proposal is an easi- 
ly understood, concrete number which anyone can evaluate. 
The more important considerations of technical competence, 
design quality, and creativity are just the opposite--they 
are abstract, difficult to define, and hard to evaluate. 

I am afraid that fee will become the "easy way out" and 
that design quality will be degraded to our detriment over 
eae long term. 


Finally, in my judgment, the consideration of fee in- 
troduces a divergence between the interests of the govern- 
ment and those of the A&E. The government is interested 
in the highest quality design. Under price competition, 
the competitive pressures eventually induce the A&E to 
Peovide that amount of design effort which will just "get 
by," in order to reduce his fee proposal and thereby in- 
crease his chances of receiving the award. The pressures 
induced by fee competition, therefore, impel us toward the 
‘least common denominator': the least-cost A&E who, in 
order to cut costs, will reduce his design effort accord- 
ingly. These pressures run counter to the government's 
long-term objective for high quality design. What we need 
1s an A&E who will consider the feasible design alterna- 
tives, evaluate the different candidate building systems 
to insure lowest life cycle cost, and provide us with the 
Mest cost effective project design for the long term. ... 
We take great pride in the fact that there has been no 
hint of scandal in the Department of the Navy in our A&E 
mentcracting. 


COST ESTIMATION OF ARCHITECT & ENGINEER CONTRACTS 
mm The Government Estimate 


The requirement for a detailed analysis of estimated 


costs for Architect-Engineer services is established by 


Defense Acquisition Regulations 18-108.2 which state: 


Architect-Engineer Contracts: An independent Government 
estimate of the cost of Architect-Engineer services in the 
Same detail as if the Government were submitting a proposal 


SZ 
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Patel be eprepared Prl@r to the negotiation of each pro- 
Peeea Gontrace OL moedrrication thereto, affecting price, 
expected to exceed $2,500 in amount. The cost breakdown 
figures in the Government estimate may not be disclosed 
prior to negotiations, but these cost breakdown figures 
may be revealed during negotiations to the extent deemed 
necessary for arriving at a fair and reasonable price, and 
provided, however, that the overall amount of the Govern- 
ment estimate is not disclosed. Any change in the Govern- 
ment estimate that is made during or subsequent to price 
negotiation shall be specifically, but succinctly, ex- 
plained in the record of price negotiation. 


Under the Brooks Act, the test of what 18s a "fair 
and reasonable" price for A&E services is the government 
estimate. As such, the government's estimate of the A&E 
fee will be designated FOR OFFICIAL USE ONLY and will not 
be divulged to the A&E. It will be used to determine the 
reasonableness and acceptability of the A&E proposal during 
subsequent pre-negotiation and negotiation meetings. 

The estimate 1S based upon the scope of work which 
the government has decided to include in the final contract. 
As such, the negotiation process is used to determine con- 
tract requirements with the government estimate representing 
the quantification of project scope. RADM Iselin addressed 
this process in his "Statement of Planning and Design" to 
the Military Construction Subcommittee. [Ref. 25] 

We also prepare our own independent government estimate of 
the amount of A&E effort and the cost, in the first en- 
deavor to insure that there is a mutual understanding of 
Maat the ASE 1S required to do. This dialogue is critical. 
The A&E through his questions may stimulate us to consider 
new and different technical approaches to meet our basic 
requirements. Through this dialogue, the project require- 
ments are refined and agreed upon. Only after this mutual 


understanding has been achieved of what the A&E will be 
expected to do are we in position to consider price in its 
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proper perspective. Negotiations proceed with the objec- 

five OL reaching agreement on a fair and reasonable price 

for the A&E effort. Through the negotiating process, dif- 

ferences between our estimate and the A&E's are identified, 

discussed and resolved. Usually there will be further 

refinements of project requirements during this exchange. 

A&E contracts shall not be awarded in an amount in 
excess of the government estimate. If during the course of 
negotiations, it is determined that the government estimate 
is in error, or even in such instances as where the govern- 
ment estimate may not be in error, but the contractor's 
estimate represents a fair and reasonable amount for the 
work to be performed, the Board report for the negotiations 
shall indicate any variations or modifications to the govern- 
ment estimate which are appropriate and upon which it was 
determined that the contractor's proposal was fair and 
reasonable. [Ref. 26] 
meee Methods of Estimating 
a. A&E Industry Methods 
There are several methods of developing design 
estimates being used in commercial practice. A discussion 
of current methods is presented below. [Ref. 27] 
In the "phase and compensation" method, a given 

design fee is assumed, and the fee is broken down into a 
Payment schedule according to each project phase. For 
example, 20 percent of the fee may be designated for the 


concept phase, 30 percent for preliminary design, 40 per- 


PeenetOr working drawings, and 10 percent for bidding or 





negotiations. The amount of money in each phase is then 
Peericded by the hourly rate normally charged, and a resulting 
number of man-hours for each phase is determined. The ac- 
curacy of this method relies on the experience and ability 
of the estimator to determine the required amount of design 
effort which is used to determine the design fee. An in- 
experienced estimator can overestimate or underestimate the 
fee by a considerable amount. 

The "detailed breakdown" method is a technique 
of determining the number of engineering design man-hours 
based on a detailed analysis of the elements required broken 
down by specific discipline. This method provides fairly 
accurate estimates of the required man-hours, but it is 
quite time-consuming. 

The "computed curve" method relies on historical 
data which relate the total number of design man-hours re- 
quired for previous projects to the associated project costs. 
A curve is drawn to model this relationship, usually with 
project cost along the X-axis and total man-hours along the 
Y-axis. By knowing the estimated cost of a new project, 
the engineer can estimate the number of man-hours required to 
design a project by reading the man-hours where the esti- 
mated cost intersects the curve. Different curves can be 
established for different ranges of project cost. In addi- 
tion, each project is evaluated by the engineer in terms of 


complexity and modularity. The results of this evaluation 
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may then cause the curve to be shifted within plus or minus 
three standard deviations from the mean represented by the 
initial curve. For example, if the project rated high in 
modularity and very low in complexity, the curve would be 
shifted down approximately three standard deviations; if 

low in modularity and high in complexity, the curve would be 
shifted up approximately three standard deviations before 
reading the number of required man-hours. 

The "matrix" method also relies on historical 
project man-hour data related to cost and complexity to 
enable the engineer to estimate total project design man- 
Memes, Cost ranges such as $0 - $25,000, $25,000 - $75,000, 
75,000 - $150,000, and $150,000 - $400,000 are displayed 
vertically on the matrix. Complexity values are low, mediun, 
Paeenigh and are displayed horizontally on the matrix. The 
cells of the matrix then contain the total number of man- 
hours for project design based on an estimated cost and com- 
plexity. The matrix method requires a large data base unique 
to each base and does not allow for the effects of other 
important design variables. 

The "cartooning" method is a technique based on 
the estimated number of drawings which may be required, the 
amount of information or detail which should be contained on 
each sheet, and some knowledge of how many man-hours it will 
take to complete each sheet. To use this technique, an 


engineer must be experienced in all of the engineering 
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fieciplines involved in a design or have experienced super- 
visors or senior engineers who can provide the necessary 
information. In addition, the engineer must have established 
a data base on man-hours per sheet of drawings. 
b. The Navy Method 

In accordance with the Defense Acquisition Regu- 
lations and NAVFAC P-68 policy to develop estimates in some 
detail as if the Government were submitting a proposal, the 
"detailed breakdown" or "detailed analysis method" is re- 
Smead for A&E contracts. Under the detailed analysis 
method, man-hour estimates must be made for each discipline 
of personnel services to be required by the A&E for accom- 
plishment of design, engineering services and construction 
contract support services. Design projects normally involve 
professional and sub-professional personnel for the archi- 
meeriral, structural, mechanical, electrical, civil, cost 
engineering, and specifications disciplines. Estimated 
hourly rates are applied to the estimated number of man-hours 
for each discipline. Allowances are made for the A&E's 
overhead and profit to arrive at the total estimated fee, 
which is then used as the basis for negotiation with the 
selected architect-engineer. [Ref. 28] 

The detailed breakdown method can be used in 
conjunction with the cartooning method. In practice, the 
combination of the two methods provides a greater analysis 


of detailed requirements and clearer presentation of project 
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scope. The engineer will determine the number of drawings 
mmehin each engineering discipline to present the construc- 
Buen project, the cartooning method. Then the engineer can 
determine the man-hour requirements for each discipline 
based on the number of drawings, the details and complexity 
of each drawing, and then apply the labor overhead, and pro- 
fit rates. This combination of methods 1s practiced among 
government engineers in developing cost estimates for A&E 
contracts. This method generates a government estimate in 
adequate detail to provide the A&E Negotiations Board with 
sufficient information to agree upon fair and reasonable 
prices with the selected A&E for a fixed price contract. 
c. Percentage of Estimate Construction Cost 

A&E fees have also been estimated as a percentage 
of the estimated construction cost. Graphs and/or schedules 
with suggested fees were prepared by the professional so- 
cieties and distributed to their membership. Fee ranges 
were developed from exverience and reflected an "average" 
fee which could be adjusted to meet the particular design 
Seer e at hand [Ref. 29]. Due to the Navy policy of using 
detailed analysis for estimating, "the use of a percentage 
of the estimated construction cost as a means of determining 
A&E compensation is prohibited" [Ref. 30]. However, the 
percentage of estimated construction cost method can be used 
as a guideline in determining cost, especially in light of 


the six percent statutory limitation discussed later. 
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S, Developing the Estimate 


a. Components of the Estimate 

The estimate for an A&E contract consists of 
three separate parts or components. Appendix B shows a 
typical form used by both the government and the A&E firm 
in developing estimates. The three components are (1) De- 
sSign--Section A, (2) Engineering Services--Section B, and 
@eeconstruction Contract Support Services (CCSS)--Section 
eC. 


Pewecotwmipaoecetenen. The design effort is 


Meecented in Section A. This effort is defined as the ser- 
vices required for "the production and delivery of designs, 
means, AGrawings, and specifications for a construction pro- 
ject" (Ref. 31]. The design effort is estimated by deter- 
mining the direct labor man-hours required for each 
Seeseecapline (project engineering, architectural, structural, 
mechanical, electrical, civil, landscape, specification/ 
report writer, cost estimator, and typist) separated by 
professional and sub-professional capabilities. These 
separate man-hour requirements are then extended by the 
appropriate labor rate and totaled to arrive at the "total 
feeect Jabor* (line 12, Appendix B). The indirect costs 

of the A&E firm are represented in the overhead rate. The 
overhead rate is applied to the total direct labor to com- 
pute the amount of overhead. An overhead rate of approxi- 


mately 100% is prevalent throughout the A&E industry. The 





American Institute of Architects (AIA) [Ref. 32] supports 
mameeratce in ". . . that experience has demonstrated that 
overhead almost equals salaries ... ." The amount for 
meet 1S then added to the total of overhead and direct 
labor to determine the "total fee for design services" (line 
16 of Appendix B). 

(eng neering Services--Section B. Engineer- 
ing services are those items required to develop the design 
@eetne construction project but not explicitly displayed in 
the design presentation. As shown on Appendix B, these 
items include subsurface investigation, topographic survey, 
field investigation, reproduction, other special cost, and 
travel. Fees for these items are negotiated as a lump sum 
memerncilude direct cost, overhead, and profit. 

Subsurface investigations include soil 
borings, mechanical analysis, related laboratory analysis, 
recommendations ana reports as required. The total amount 
for subsurface investigation is a lump sum figure which also 
includes any required travel and standard equipment cost. 

Ii not practical to negotiate a lump sum, a unit price may 
be utilized and negotiations conducted to establish unit 
prices, with estimated quantities and a "not to exceed fee." 

Topographic surveys include survey varties, 
computer time, engineering and draftsman services in deter- 
mination of contour intervals, grade and slope conditions 


and other site requirements as necessary. The lump sum 





feguce Lor topographic survey work also includes any re- 
quired travel and standard equipment cost. 

The fee for field investigations shall 
cover the effort necessary to determine existing conditions. 
Work items included are evaluation of the adequacy of exist- 
Peeucility systems, structural condition of existing 
facilities, verification of existing as-built drawings, etc. 
Field investigation is negotiated in terms of man-days with 
pcp propriate rate to include overhead and profit. 

The category of other special cost includes 
numerous different items of work. Appendix C is a listing 
of items which fall into this category. However, the most 
commonly used items are Project Engineering Documentation 
(PED), conceptual studies, energy conservation studies, and 
solar energy studies. 

Reproduction costs are for the reproduction 
of drawings and specifications in quantities as specified by 
the scope of work. 

Travel expenses should be added on a lump 
sum basis only if the amount of the travel to be performed 
1s relatively certain and the cost thereof can be computed 
with a good degree of certainty. In addition, travel costs 
should be computed on the same basis of allowability as that 
which is allowed under government travel regulations. If 
the amount of travel to be performed is uncertain, the con- 


tract should provide that the contractor will be reimbursed 





for authorized travel. In accordance with the standardized 
government travel regulations in granting such authorization, 
the OICC should assure that the number of personnel per- 
Beeming travel and the proposed duration of the trip is 
necessary for adequate performance of the contract work. 
Normally, profit and overhead will not be allowed on travel 
expenses; however, if a large amount of travel is required, 
which will involve significant administrative expense in 
arranging tickets and preparing vouchers for reimbursable 
travel, a reasonable overhead charge may be allowed on the 
amount of travel reimbursed. [Ref. 33] 

Precise mlcttomecOmemact SUppOrt Services=- 
Seerron C. Construction Contract Support Services (CCSS) 
are negotiated as an option to the government available for 
a period of time following the final design submittal. 
Usually, the time period is 360 days. cCCSS items are nego- 
tiated in terms of hours required at an hourly rate with 
overhead and profit. There are two components of Section C: 
(1) shop drawing review and office consultation and (2) as- 
Beet AGrawing preparation. 

Office consultation includes the necessary 
services of the A&E to clarify the intent and interpretation 
of the plans and specifications, to provide advice on ques- 
tions that may arise in connection with the construction 
meegecs and to provide office consultations in connection 


with contemplated changes as well as consultations during 
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Megeciation Of change orders to the construction contract. 
Shop drawing review includes services to assist with the 
[m@epection of all materials and equipment which will be in- 
corporated in the finished construction project. Addition- 
ally, the A&E will be required to check all shop drawings, 
Samples, catalog cuts, manufacturers' certificates, and also 
purchase orders which may be submitted by the construction 
Sener actor. 

As-built drawing preparation includes 
entering all changes and corrections on the original tracings 
of the project drawings that developed during project con- 
struction. These changes are provided to the A&E on "marked- 
Miemprints” by the OICC showing the “as-built”™ condition and 
includes written modifications to drawings issued in either 
amendments or contract modification. 

Doectatuconby Limitations 

Publie law (10 U.S.C. 7212) requires that the 
design fee for public works or utilities projects may not 
exceed slx percent of the estimated construction cost of the 
project. The six percent ceiling applies only to the pro- 
cured A&E services for the production and delivery of de- 
mages, Plans, and specifications for a construction project. 
As such, the “total fee for design services," line 16 on 
Appendix B, is the figure subject to this ceiling. The 
Armed Services have interpreted the statute such that the 


Beeeradssociated with Sections B and C do not apply to this 
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limitation. The validity of this interpretation has been 
upheld under numerous congressional reviews and rulings by 
the Comptroller General. [Ref. 34] 

The six percent cost limitation is often too 
low for designing small dollar value projects and unique 
facilities. In making this observation, the Defense Audit 
Service [Ref. 35] recommended that the statute be revised 
to increase the ceiling for small dollar value and unique 
construction project. It was noted that often design work 
for these projects must be accomplished in-house by the 
engineering organization because A&E firms would not do the 
work within the six percent maximum. In a response to the 
Defense Audit Service's draft report, the Commander, Naval 
Facilities Engineering Command did not concur with this 
recommendation. This response was based on the opinion that 
increasing the statute would "result in unwarranted infla- 
tionary trends, relative to the value of the facilities 


designed" [Ref. 36]. 
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fens METHODOLOGY 


A. DEVELOPING THE DATABASE 
1. General 
The data for the research was collected at the 
Western Division, Naval Facilities Engineering Command, San 
Bruno, California (WESTNAVFACENGCOM). A&E contracting at 
WESTDIV is about one third of the NAVFACENGCOM total. The 


number of awards and total dollar amounts are as follows: 


oeer. 37} 
Fiscal Modifi- Doiwlar Percentage of 
Year Awards cations* Total NAVFACENGCOM Total 
76 i L 58 S9o,50 0), 000 9.42% 
7 DEAS. Sav Zo OU OD Sis 
78 234 973 33.4 927,000 33.4% 
ves 187 O24 507 2057000 33.13 
80 173 Wye) 75: Zo, 065,000 31.4% 


The data was retrieved from the contract files held 
by the Contracts Division, Code 02. The Negotiation Board 
report was the source document with the attached government 
estimate and the A&E's fee proposal. Accordingly, the data 
collected was that of the negotiated contract reflecting the 
initial agreement reached between the A&E firm and the 


government negotiators. 


*Modifications include changes, awards of options, award 
of final design, open-ended contract awards, etc. 
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The database consisted of 300 A&E contracts: 134-- 
mae?9, 158--FY 80, 8--FY 81. This total was essentially all 
A&E contracts for these fiscal years that were available in 
meme contracts files room from 10 April 81 to 17 July 81. 
This statement is qualified with several exceptions. Engi- 
neering Service (E/S) contracts were not included as this 
research was directed towards A&E contracts resulting in 
construction design. Each subsequent award on an open- 
ended contract was considered a separate contract as each 
award is for a different project which requires a separate 
negotiation process. Thirteen A&E contracts had various 
components of the fee itemization that were too large (too 
many digits) to fit the structure of the database. Four A&E 
contracts were working at the 35% design stage with the 
final design not yet negotiated. Changes negotiated for 
additional scope to an initial award were not included since 
the change order negotiations cannot be considered to be 
independent of the initial award. The 300 contracts repre- 
mmeea 63% OL all the contracts for FY 79 and 80, and all 
mm@emcOontracts available for FY 8l. 


2. Components 





Seventy-five pieces of information were recorded for 
each contract from the negotiation board report, the A&E fee 
proposal, and the government estimate. Some of the compo- 
Ge@es are self-evident while others require an explanation 


Bmeewere coded to facilitate computer recording. 
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Year--The calendar year of the negotiation. 
Month--The month of the negotiation. 


Open-Ended--A coded-numerical entry indicating if the 
contract was awarded under the open-ended contract 
BEovis lon: 


O--Not an Open-Ended Contract 
1--An Open-Ended Contract 


Estimated Construction Cost--This figure represented 
the dollar scope of the construction project. 


Category Code--A coded-numerical entry to describe the 
facility being constructed, repaired, etc: 


1--Operation and Training Facilities 

2--Maintenance and Production Facilities 

3--Research, Development, Test and Evaluation 
Facilities 

4--Supply and Warehouse Facilities 

5--Hospitals, Medical and Dental Clinics 

6--Administration Facilities 

7--Community Facilities (Barracks, Dining, Recreational) 

8--Utilities 

Pa oEeund seructunes 

O--Family Housing 


Work Code--A coded-numerical entry to describe the type 
Sr work: 


l--New Construction 

2--Repair, Maintenance, Repair by Replacement 

3--Alterations, Modifications, Expansions 

4--Eguipment Installations 

5--Retofit Projects (Safety, Pollution Abatement, 
Energy Conservation 


Lead Discipline Code--A coded-numerical entry to de- 
scribe the nature of the required work by which design 
discipline provided the most man-hours, professional 
and sub-professional: 


f—Preject Englneer 
2--Architectural 
3--Structural 
4--Mechanical 
5--tlectrical 
6--Civil 
7--Landscape 





Number of Drawings--The total number of drawings re- 
guired to present the construction project as agreed 
POeGuringenegOciations. 


Hours--Nine different totals for direct labor hours 
were summarized as follows: professional engineers, 
sub-professional engineers, the specifications writer, 
the cost estimators, typist, professional and sub- 
professional shop drawings, and professional and sub- 
professional as-built drawing preparation. 


Total Direct Labor--The total of direct labor hours 
eee S sede various labor rates. 


Overhead Rate--The negotiated overhead rate to cover 
the indirect cost of the A&E firm. 


Profit Rate--The profit rate as negotiated which is 
commensurate with contract risk. 


Total Design Cost--The dollar amount presenting the 
total of Section A computed by applying the overhead 
and profit rate to the amount of total direct labor. 


Engineering Support, Section B--There were eleven dif- 
ferent totals recorded from Section B of the contract. 
Detailed explanations of each is not necessary due to 
the self-evident title of each. The following were 
recorded for each contract: the cost of reproducing 
the plans and specifications, the cost of subsurface 
investigations, the cost of topographic surveys, the 
number of days of field investigation, the cost of 
Field investigation, travel cost, project engineering 
documentation, conceptual studies, energy conserva- 
tion studies, solar energy studies, and the total cost 
@t all of Section B. 


Construction Contract Support Services, Section C--The 
total for Section C was recorded which provides for 
future options to the contract for the government to 
procure these services. 


Grand Total Fee--The bottom line negotiated total for 
the A&E contract. 


Location Code--The geographical location of the project 
Site was recorded with a numerical code as follows: 


l--Adak, Alaska 
2--Washington and Oregon 
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3--Northern and Central California (San Francisco Bay 
Area) 

4--Los Angeles Area 

5--San Diego Area 

6--Yuma, Arizona 


r. Number of Disciplines--The complexity of the A&E con- 
tract was measured as a function of the number of dif- 
ferent design disciplines required to perform the 
design work. A numerical entry was used quantifying 
the total number of different design disciplines. The 
maximum number was seven with a minimum of one. 


Eeeeone Building Cost Index--Engineering-News Record (ENR) 


Magazine publishes various cost indexes of construction- 
related economic factors. The Building Cost Index 
(BCI) is one of these economic indicators. The BCI 
represents the cost for a constant amount of labor and 
building materials and 1s computed for different geo- 
graphical locations. The BCI is computed for three 
geographical areas of WESTNAVFACENGCOM: Seattle, San 
Francisco, and Los Angeles. The BCI breakdown by geo- 
graphical areas is provided on a monthly basis. There- 
fore, the published BCI that was recorded for each 
contract corresponded to the closest geographical area 
and to the closest date of contract negotiation. 
Additionally, ENR provides forecast of future cost 
trends by projecting the BCI for a twelve month period. 
These forecasts can be used in projecting cost on 
future A&E contracts. 


t. Hours Per Drawing--Eighteen entries were recorded per- 
taining to the man-hours per drawing. For each of the 
Six design disciplines, the following three items were 
recorded: (1) the number of drawings required for 
each discipline, (2) the professional design hours ver 
drawing and (3) the sub-professional design hours per 
drawing. 


u. Labor Rates--The final items that were recorded were 
the twenty different labor rates. 


fe «6COomMpilation 
The database was compiled using FORTRAN programming 
language with the WATFIV-S Compiler [Ref. 38] on the IBM 370 
computer at the Naval Postgraduate School. Each contract 


required four 80-column key punched data cards. The data 
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was structured in a one-dimensional array, which was read, 
printed, and recalled for computations with conditional 
statements and counted do-loops. An example of the print- 


out for one contract is shown in Appendix D. 


B. DESCRIPTION OF THE DATABASE 
1. General 
There were eight descriptive factors for each con- 
tract included in the database. These factors were used to 
group the contracts to determine trends, comparisons, and 
differences of the analytical computations performed to sup- 
port the cost estimation decision process. Not all descrip- 
tive factors were considered to be relevant to all 
computations. The matrix in Appendix E shows the rele- 
vant relationships between descriptive factors and computa- 
tions. An analysis of the database is provided by each of 
these descriptive factors. 
mee Category Code 
The type of facility being repaired, constructed, 
etc. was coded as defined in the previous section. A break- 


@ewn of the 300 contracts into the ten codes is as follows: 


Code yee Of Faciirey Number Bene entage 
0 Family Housing IL 6 
I Operational & Training 56 19 
2 Maintenance & Production 43 14 
3 RDT&E Z : 
A Supply 16 S) 
5 Medical 10 e 
6 Administrative 8 3 
i Community 48 16 





8 ere ties 82 Ia) 
9 Grouna Seructures 18 6 


Due to the small number of Code 3 Baees agence RDT&E 
projects were eliminated as a separate grouping for further 
analysis. The sample size was too small to achieve statis- 
tical significance. 

Code 8, the Utilities group, included any project if 
the majority of the work involved utility systems. For exam- 
mee, an air conditioning repair project in an operational 
facility was coded as an "8", instead of a "1" for the 
Operational and Training facilities group. 

ee Number Of Disciplines 

This code was a count of the number of different en- 

gineering disciplines involved in the project. The range 


was from one to seven with the following distribution: 


Code Number Bercencage 
iL 7 Z 
2 70 23 
3 52 17 
4 oie) 17 
5 52 i? 
6 34] a2 
F 32 cet 


2. Estimated Construction Cost (ECC) 
The database was separated into nine different ranges 
of estimated construction cost. These groups were used to 
relate contracts of similar dollar value to determine the 


Smtect Of project scope. 
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Range Gm ECC Number Peneceitage 


teecO — > D070 010 38 ils 

5 Ow te LOO; 000 52 Wy 
POCF OCLs 250,000 65 ae 
Bey0, = (O10 1h a 500,000 66 22 
S007 001 = FSMD, OBO 20 7 
moO Ven —- 1, 0007000 18 6 

il OC0-001 = 2,500,000 24 8 
ye5700,001 - 5,000,000 et 4 
s000,001 — And up 6 Z 


>. Lead Code 
The engineer discipline which provided the most hours 


was coded corresponding to the number on Appendix B. 


Lead Code Number reccentage 
1--Project Engineer 5 il 
2--Architect 119 40 
3--Structural Z0 yy 
4--Mechanical 81 Paar 
5--Electrical oy! We 
6--Civil By 12 
7--Landscape 5 1 

ae 6LLOCation 


The geographical area of WESTNAVFACENGCOM was separa- 


meoeinto Six sroups. 


Code Oca ion Number PCrceneage 
1 Adak, Alaska 13 4 
2 Washington/Oregon oes, Le 
5 Northern California 74 25 
4 Los Angeles Area 84 28 
5 San Diego Area 84 28 
6 Yuma, Arizona 6 2 


Codes 1 and 6, although with relatively small sample 
Sizes, were separated due to the remoteness of these areas. 
The three geographical ENR Building Cost Indexes for the 


WESTNAFVACENGCOM area combined these groups as follows: 


fee 





Memceattice, Codes 1] and 2; (2) San Francisco, Code 3; 


(3) Los Angeles, Codes 4, 5 and 6. 


7. Open-Ended Contracts 
The breakdown Of Contracts awarded under the open- 


Baged contract provision compared to contracts of similar 


scope which were not awarded as open-ended contracts is as 


EoLLOws: 
Number ne Heeneage 
Open-Ended Contracts IL Oy 36 
Not Open-Ended es 64 
Not Open-Ended, but 104 54 


under $40,000 
38. Work Code 
The work code separated the database into groups of 


different types of work as follows: 


Code ie Orme Wore Number Percencage 
IL New Construction 89 30 
2 Repair 28 Be 
3 Alteration, Expansion 75 pLIS 
4 Equipment Installation 10 3 
5 Retrofit Si 10 
9. Date 


The negotiation date of the contracts in the data- 
base covered a thirty month time frame from January 1979 to 
June 1981. On a quarterly basis, the contracts were distri- 


buted as follows: 


Quarter Midpoint Number Percentage 
OIG 7s) 6 2 
MAR 79 24 8 
JUN 79 18 6 
SEPT 79 30 10 





DEGE 79 S23 Ei 


MAR 80 48 Lg 
JUN 80 ae pi: 
SLEIEME etol8 42 14 
DEC 80 ZG 2, 
MAR 81 35 Ea 


C. ANALYTICAL COMPUTATIONS 
1. General 

Analyeical computations of the database were struc- 
tured to support the decision processes presented on figures 
l and 2. The analysis was separated into four areas: the 
design section--Section A, engineering support--Section B, 
construction support services--Section C, and by labor rates. 
The analytical computations were first performed using the 
entire database as one group of data. Then, the same com- 
putations were done on each of the groupings of contracts 
described in the previous section of this chapter. The 
sample size, average, and standard deviation were calculated 
for each of the computations. An analysis of the results 
for each of these groupings was conducted to determine 
trends, similarities and differences. 

Eee COSt Adjustments 

The level of effort for design work can be defined 
by quantities such as the labor hours and number of drawings. 
These levels of effort quantities would be constant for any 
varticular project, in that these measures would not change 
over time for an identical project. Whereas, the impact 


of time on cost needs no explanation. Therefore, any 


74 





computation which involved cost and physical quantities was 


adjusted to a constant dollar base. The ENR Building Cost 


Index (BCI) was used as the economic adjustment factor. 


mependix F displays the BCI for the three geographical areas 


of WESTNAVFACENGCOM. A BCI of 303 (March 1980) was used as 


the adjustment figure. This was the time period when the 


BCI for all three areas was equal. Additionally, this time 


period contained the largest proportion (16%) of the 


database. 


Section A 


The following analytical computations were performed 


mee Section A: 


a. 


The estimated construction cost was divided by the num- 
ber of drawings to determine the amount of construction 
cost presented on a drawing. 


The total design cost was divided by the number of 
drawings to determine the cost per drawing. 


The number of drawings for each discipline was divided 
by the total number of drawings to determine on a per- 
centage basis, the separation of drawings by discipline. 


The hours per drawing were determined for the project 
engineer and the six design disciplines, poth profes- 
Sional and sub-professional, and a total for all de- 
Sign hours. Additionally, the hours per drawing for 
the design support effort, the specifications writer, 
cost estimator, and typist were determined. Finally, 
sub-totals for the professional, sub-professional, and 
grand total of all labor hours per drawing were 
Galculated. 


The estimated construction cost was divided by two 
totals of labor hours to determine the relationship 
between estimated construction cost and labor hour 
requirements. The two totals were the design hours 
(professional and sub-professional) and the grand 
meecal for all labor hours. 





4. 


Six percentages of labor hour ratios were computed as 


follows: (1) professional design and (2) sub- 
professional design to total design hours and (3) total 
professional, (4) total sub-professional, (5) design 


SHpoOneyeand. (oj total design hours to the grand total 
of ali labor hours. 


PoaAmmeocmoOLecroresstonal design hours to the three totals 
@f design Support (specifications writer, cost esti- 
Minor wandecyoast) Mours were computed to determine 

the required levels of design support. Additionally, 
the ratio of specification writer hours to typist hours 
was GOnmured Goenszaerimg the close relation of these 
Even disciplines. 


The average rates for overhead and profit were com- 

puted as well as an average of the percentage of the 

Section A total to estimated construction cost with 

consideration for the 6% statutory limitations. 
Section B 


The following analytical computations were performed 


for Section B: 


a. 


lo 


An average cost was computed for the sub-surface inves- 
tigations and topographic surveys sections. 


The estimated construction cost was divided by the 
number of man-days of field investigation to determine 
the relationship between the two. Additionally, the 
cost of field investigation was divided by the number 
of man-days to determine a unit cost per man-day. 


The cost of reproducing the drawings and specifica- 
tions was divided by the number of drawings to deter- 
mine the cost per drawing. 


The cost of travel was computed as a percentage of 
estimated construction cost. 


The total for the "other special cost" was not used 
due to the numerous different items included in the 
Sub-section. However, the four items most commonly 
found as a special cost were project engineering docu- 
mentation, conceptual studies, energy conservation 
studies, and solar energy studies. An average amount 
was computed for each. 
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mee The total for Section B was computed as a percentage 
of the estimated construction cost. 


eee Section C 
The following analytical computations were performed 
mene Section C: 

a. The two totals of hours for shop drawing review, pro- 
fessional and sub-professional, were divided by the 
number of drawings to determine hours per drawing. 

meee The two totals of hours for as-built drawing prepara- 
tion, professional and sub-professional, were divided 
by the number of drawings to determine hours per 


drawing. 


c. The total for Section C was computed as a percentage 
of the estimated construction cost. 


6. Labor Rates 
An average for each labor rate was computed using 
the entire database. Then, an average for each of the three 
years (1979, 1980, 1981) was computed to determine the per- 
centage of wage increase over those years. Additionally, an 
average for each labor rate was computed for each of the six 
geographical locations. 
feandalysis Of Descriptive Factor Groupings 
a. General 
The analytical computations described in the 
previous section were performed on the complete database. 
Accordingly, the results from these computations defined 
inferences particular to the complete database. While this 
information may be quite beneficial to the EIC in developing 


an estimate, information generated from computations which 





mwesate tae Contracts by descriptive factors, to be similar 
to the project being estimated, would intuitively be more 
relevant. 

Therefore, the next step of the analysis was to 
perform all the analytical computations for each group of 
descriptive factors separated by the various components of 
each group, such as by codes and ranges of estimated con- 
struction cost. As with the complete database, the sample 
size, average, and standard deviation was calculated for 
each computation. 

With these three pieces of information for each 
computation, the task was to determine if the various codes 
within a group generated a statistical significant difference 
within that grouping of contracts. For example, the ques- 
tion to be answered, "Is the average amount of estimated 
Senstruction cost per drawing significantly different be- 
tween the ten category codes of facilities?", or in other 
words, "Does the type of facility have an impact on the 
estimated construction cost per drawing?" 

As mentioned earlier, not all combinations of 
descriptive factors and analytical computation were con- 
Sidered to be relevant. The combinations that were tested 
are shown in Appendix E. 

Four methods were used to determine and present 


the differences generated by descriptive factors. These 
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methods included computing confidence intervals, performing 
fimeetple contrast, tables of averages, and differences of 
means. 
b. Confidence Intervals 

A confidence interval is an estimate that covers 
a range of values distributed on both sides, plus or minus, 
of a mean or average. With a predetermined level of con- 
ference, the interval can be constructed based on an average 
pluS Or minus the sampling error [Ref. 39]. For the purposes 
of this analysis, a confidence level of 95% was used. Ac- 
cordingly, with the sample size, average, and sample standard 
deviation a confidence interval can be constructed, such that 
95% of the population values for a given computation will 
fall within the range of values covered by that interval. 

Confidence intervals were used to present the 
ranges of plausible values for the analytical computations 
that can be considered to be most subjective on the part of 
the estimator. The information presented in this form will 
allow comparison of ranges of values for different descrip- 
mie Lactors. 

Confidence intervals were used for the following 
computations: Section A--the estimated construction cost 
per drawing, cost per drawing, and the Section A% of esti- 
mated construction cost; Section B--The sub-surface investi- 
gation, topographic survey, estimated construction cost per 


day of field investigation, and the Section B% of estimated 


eo 





construction cost; Section C--the Section C% of estimated 
Bemstruction cost. 
Gane “Mero le Contrast 

The technique of multiple contrast is a follow- 
on of the analysis of variance. When the analysis of 
variance indicates that one or more means in a group has 
been determined to be significantly different from the 
group, the multiple contrast will determine which mean(s) 
are Significantly different. For this analysis, the analy- 
Sis of variance will be omitted, assuming a difference does 
exist, and go straight to the multiple constant technique. 

The multiple contrast provides simultaneous con- 
trast of all means with a group by constructing simultaneous 
confidence intervals based on the F distribution. Addition- 
ally, these confidence intervals are based on the pooled 
variance of all entries in the group. [Ref. 40] 

The multiple contrast was used for those compu- 
tations which may be effected by the descriptive factor but 
are not as subjective as those presented by the confidence 
intervals listed in the previous section. The multiple 
contrast was used for the following computations: Section 
A--the estimated construction cost divided by the two totals 
Of labor hours, the ratios of professional design hours to 
design support hours, and the overhead rate; Section B--the 
cost of the field investigation per man-day, the cost of 


reproduction per drawing, travel, and the four items of 
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Magen soecial Cost; Section C=-the professional and sub- 
professional hours per drawing for shop drawing review and 
as-built drawing preparation. 

dad. Tables of Averages 

The table format was used to present the averages 
of computations which are fairly objective on the part of the 
estimator. This format will be used for the hours per draw- 
ing and the labor rates. 
fee SCpen=-Ended Contracts 

The contracts awarded under the open-ended contract 
provision will be compared to those not awarded as open- 
ended but have a fee under $40,000 which is a requirement 
for an open-ended contract. The comparison will be accom- 
plished by the difference in two means technique. The tech- 
nique involves constructing a confidence interval based on 
the variances of the two values and added to or subtracted 
from the difference in the two means. "No difference" of 
the two means is concluded when zero is contained within the 
confidence interval [{Ref. 41]. A 95% confidence interval 
will be computed for the difference in means for the Section 
totals for A, B, and C as a percentage of estimated construc- 


men cost. 


weeeeeooal MODEL FORMULATION 
Cost models applied to A&E contract estimation may be 


beneficial to the EIC in determining "ballpark" totals to be 
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Meea as a guide in developing detailed estimates. Addi- 
fonally, cost models may be applied to the budgeting and 
manning function for developing an annual A&E contracting 
meegram. Accordingly, the model should be easy to use and 
should be reliable. 

At the point where design of a project is being con- 
sidered, the estimated construction cost of the project has 
been established. Therefore, it would be an appropriate 
variable. Another variable, which can be defined at this 
point, would be the number of different design disciplines 
required for the design work. These two variables would 
provide more definition to the particular project than esti- 
mated construction cost alone. 

Since a cost model would be used in a planning or guide- 
line capacity, the values that the model is predicting 
should be totals and/or significant sub-totals associated 
with the contract. Accordingly, the six dependent variables 
were as follows: the grand total fee of the A&E contract, 
the totals for Sections A, B, and C, the total of profes- 
Sional design hours, and the number of drawings. 

The multiple linear regression program (BMDP1R) of the 
Department of Biomathematics, University of California, Los 
Angeles, installed on the computer facilities at the Naval 
Postgraduate School, was used to develop a cost model for 


ASE Contract estimation. 
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hiseceol RKomt yt tON MODELS 


me SECTION A 
1. Number and Cost of Drawings 

The estimated construction cost divided by the num- 
ber of drawings produced an average of $27,551 with a stand- 
ard deviation of $23,019, which provided a confidence 
interval of $24,946 to $30,155. Therefore, the required 
number of drawings can be predicted by estimating one drawing 
for each $24,946 to $30,155 of estimated construction cost. 

The category code, range of estimated construction 
cost, and work code were the three descriptive factors which 
affected this average. The limits of the confidence inter- 
vals for these factors are shown in Appendix G. 

The total design cost divided by the number of 
drawings produced an average of $1,370 with a standard 
deviation of $945 which provided a confidence interval of 
$1,263 to $1,476. Therefore, the total design cost (Section 
A) can be predicted by estimating $1,263 to $1,476 for each 
drawing. 

The category code, range of estimated construction 
cost, and work code were the three descriptive factors 
which affected this average. The limits of the confidence 


interval for these factors are shown in Appendix G. 
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2. Drawings by Design Discipline 


The number of drawings for each discipline divided 
Pyeche total number of drawings produced the following dis- 


tribution by discipline on a percentage basis: 


Design Discipline Percentage of Total Drawings 
Architectural - Ze 
Structural - 123 
Mechanical - pis 
Electrical - 213% 
e721 - 13% 
Landscape = 2% 


The lead discipline was the descriptive factor which 
affected the percentage of drawings by discipline. A table 
of averages showing the distribution of drawings by lead 
code is shown in Appendix G. 

3. Hours Per Drawing 

Five tables of averages for hours per drawing are 
provided in Apovendix G. Each table also shows a confidence 
interval for hours per drawing when all contracts were con- 
Sidered as one grcup. The five tables are for category 
code, range of estimated construction, lead discipline code, 
work code, and by number of disciplines. 

4. Estimated Construction Cost Per Labor Hour 

The estimated construction cost divided by the total 
design hours produced an average of $552/hour with a stand- 
ard deviation of $238, which provided a confidence interval 
Of $625 - $680 per hour. Therefore, the required number of 


total design hours (professional and su»-professional) can 
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be predicted by estimating one design hour for each $625 to 
$680 of estimated construction cost. 

Additionally, the estimated construction cost di- 
vided by the total labor hours produced an average of $486/ 
hour with a standard deviation of $174, which provided a 
confidence interval of $466 to $505 per hour. Therefore, 
the required number of total labor hours can be predicted by 
estimating one labor hour for each $466 to $505 of estimated 
Benstruction cost. 

Category codes, ranges of estimated construction 
cost, and work codes were the descriptive factors which 
affected the estimated construction cost per labor hour 
computations. Confidence intervals for these factors are 
‘orovided in Appendix G. 

5. Labor Ratios 
a. Design Hours--Professional/Sub-Professional 
The average percentage of separation for desiadn 
hours into professional and subprofessional is 44% and 563% 
resvectively, with an equal standard deviation of 14%. Con- 
fidence intervals for these computations were: 


Professional Design 
Sub-Professional Design 


Ul 


2 
~: 


oP a? 


to 46% 
Eo. Do 5 


The multiple contrast technique indicated no difference in 
these averages due to category code or ranges of estimated 
construction cost. However, the multiple contrast by lead 


code indicated different averages (53%--professional, 47%-- 
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sub-professional) when the structural discipline was the 
lead code. The confidence interval for lead code 3 1s as 


follows: 


Professional Design 46% to 59% 
Sub-Professional Design 41% to 54% 


b. Total Hours--Professional/Sub-Professional 
The average percentage of separation for total 
labor hours into professional and sub-professional is 49% 


and 51% respectively, with an equal standard deviation of 


12%. Confidence intervals for these computations were: 
Professional 48% to 50% 
Sub-Professional SO sa5cO a6 


Again, the different significant descriptive factor was the 
lead code for structural projects (57%--professional, 43%-- 
sub-orofessional). The confidence interval for lead code 3 
is as follows: 


Professional tr cOuocs 
Sub-Professional Soe to  4g4 


c. Design/Design Support 
The average percentage of separation for total 
hours into design and design support is 81% and 19% respec- 
tively, with an equal standard deviation of 12%. Confidence 
intervals for these computations were: 


Design 80% to 82% 
Design Support iss to 20% 


\O 


The upper and lower ranges of estimated construction cost 
were the factors affecting this computation. When the esti- 


mated construction cost was under $50,000, the average 
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separation was 72% and 28%. When the estimated construction 
cost was over $5,000,000, the average separation was 87% and 
13%. Confidence intervals for these exceptions are as 
follows: 

BCC undewe50 ,000 


Design 67% to 76% 
Design Support 24% to 33% 


mee, Over, os, 000,000 


Design S25) co 325 
Design Support 8% to 13% 


6. Design Support Hours 
a. Specification Writer 

The hours for professional design divided by the 
hours for the specifications writer produced an average of 
5 with a standard deviation of 4, which provided a confi- 
dence interval of 4 to 6 hours. Therefore, the hours for 
the specifications writer can be predicted by estimating one 
hour for every 4 to 6 hours of professional design. 

The estimated construction cost of projects over 
$1,000,000 affected this computation. An average of 8 hours 
with a standard deviation of 5 resulted in a confidence 
Mmieerval of 6 to 10 hours. 

Shee cOst EStimator 

The hours for professional design divided by the 
hours for the cost estimator produced an average of 6 with a 
Standard deviation of 4, which provided a confidence inter- 


val of 5 to 7 hours. Therefore, the hours for the cost 
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estimator can be predicted by estimating one hour for every 
5 to 7 hours of professional design. 

As with the specifications writer, the descrip- 
tive factor affecting this computation was the estimated 
construction cost. When estimated construction cost was 
under $50,000, the average was 4 and when over $1,000,000, 
the average was 10. Confidence intervals for these factors 
are as follows: 

ECC under $50,000 
Professional design per cost estimator: 3 to 5 
ECC over $1,000,000 
Professional design per cost estimator: 8 to 12 
ee LL yoast 

The hours for professional design divided by the 
hours for the typist produced an average of 6 with a stand- 
ard deviation of 6, which provided a confidence interval of 
5 to 7 hours. Therefore, the hours for the typist can be 
predicted by estimating one hour for every 5 to 7 hours of 
professional design. 

The estimated construction cost had an impact 
Beeenis computation. For projects under $250,000, the 
average was 4 and projects over $5,000,000 the average was 
19. Confidence intervals for these exceptions are as 


follows: 
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Professional design per typist 


BEG wader 5250 ,000: BeeEO. 5 
MeGmOoverusos FOO ,000;: 7 t0 30 


Ge SheGiircations Writer/Typist 
The hours for the specifications writer divided 
by the typist produced an average of 1 with a standard de- 
viation of 1. This relationship is best described as a l 
to 1 ratio between these two disciplines. However, for con- 
struction projects larger than $750,000, the ratio was 2 
specification writer hours to 1 typist hour. 
7. Overhead 

The average overhead rate was 104% with a standard 
deviation of 14% which provided a confidence interval of 
102% to 106%. The average overhead was affected by three 
descriptive factors: number of disciplines, location, and 
lead discipline code. 

When only one discipline was required for the con- 
tract, the overhead was lower with an average of 95%. The 
confidence interval for this average was from 90% to 100%. 

One location significantly affected the overhead 
which was Adak, Alaska with an average overhead of 1183, 
with a confidence interval from 105% to 130%. 

The lead discipline code resulted in three signifi- 


cantly different overhead rates, one lower and two higher. 
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When the lead code was mechanical, the average over- 
head was 100%. This provided a confidence interval from 983% 
mor 102%. 

Structural and civil engineering projects had higher 
overhead rates, 116% and 117% respectively. Confidence 


intervals for these rates are as follows: 


Structural: O53 to 126% 
Gaya |: IOs tO. las 
eee 6rd Profit 


The profit rate was 10% throughout all descriptive 
factors, except for projects where the lead discipline was 
the project engineer or structural engineer. These projects 
had an average of 11% for profit. 

Be section A Percent of ECC 

The total for Section A divided by the estimated 
construction cost produced an average of 5.39% with a stand- 
ard deviation of .85%. This provided a confidence interval 
of 5.29% to 5.48%. The limits of confidence intervals when 
separated by category codes, estimated construction cost, 


and work codes are shown in Appendix G. 


fee oECTION B 
MmeolooouLitace Investigations 
The average amount negotiated for sub-surface inves- 
tigation was $3,862 with a standard deviation of $2,919, 
which provided a confidence interval from $3,195 to $4,528. 


moma percentage of estimated construction cost, the interval 


he 





was from 0.54% to 0.86%. Confidence intervals and average 
percentages of estimated construction cost negotiated for 
sub-surface investigation broken down by range of estimated 
construction cost and work code are shown in Appdendix H. 
fo LOpegraphic Survey 

The average amount negotiated for topographic survey 
was $3,994 with a standard deviation of $3,945, which pro- 
vided a confidence interval of $3,945 to $4,735. As a per- 
centage of estimated construction cost, the interval was 
from 0.96% to 1.83%. Confidence intervals and average per- 
centages of estimated construction cost are shown in Appendix 
HM. 

wee tela sinvestigataons 

The estimated construction cost divided by the num- 
ber of man-days of field investigation produced an average 
of $59,407/man-day with a standard deviation of $154,843, 
which provided a confidence interval of $41,766 to $77,047 
Per Man-day. Therefore, the required number of man-days of 
Field investigation can be predicted by estimating one man- 
day of field investigation for every $41,766 to $77,047 of 
estimated construction cost. 

Category codes, ranges of estimated construction 
cost, and work codes were the descriptive factors which 
Meeected this computation. Confidence intervals for these 


factors are shown in Appendix H. 
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The average cost per'’man-day of field investigation 
was $271 with a standard deviation of $107, which provided 
a confidence interval of $258 to $233 per man-day. The 
multiple contrast was computed for the work codes, location, 
and lead codes. There was no difference amongst the averages 
for the five work codes. However, location did affect aver- 
age cost. The average for Adak was higher at $470 per man- 
day and Yuma was lower at $230. Additionally, projects with 
a lead code of "1", project engineer, was a higher average 
at $357 per man-day. Confidence intervals for these excep- 
tions are as follows: 


Location Code 


Adak: See eOss Jue 

Yuma: Sy) sey eS sve" 
Lead Code 

Project Engineer: $280 to $434 


mee Reproduction Cost 


nie |COsimen Fepmeduction for the plans and specifi- 
cations divided by the number of drawings produced an 
average of $69 per drawing with a standard deviation of $47, 
which provided a confidence interval of $63 to $74 ver draw- 
ing. Therefore, the cost for reproduction can be vredicted 
by estimating $63 to $74 per drawing. The multiple contrast 
comparison for location indicated two exceptions. The 


average cost for Adak per drawing was $88 and $82 for 
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Location Code 2, Washington and Oregon area. Confidence 


intervals for these two locations are as follows: 


Adak: So i eaes 1 5 
Washington/Oregon: SO, ce S10) 7 
oe Travel 


The cost of travel computed as a percentage of esti- 
mated construction cost produced an average of 0.4% with a 
standard deviation of 0.6% which provided a confidence inter- 
mrmor 0.31% to 0.48%. The multiple contrast for location 
indicated one exception: Adak. The average for travel to 
this location was 1.0% of the estimated construction cost 
with a confidence interval of .5% to 1.5%. 

Weeeotcner special Costs 
a. Project Engineering Documentation (PED) 
The average amount for PED was $3,212 with a 

Seamadard deviation of $1,805, which produced a confidence 
maeerval of $2,688 to $3,735. PED cost computed as a per- 
centage of estimated construction cost produced an average 
of 0.6% with a standard deviation of 0.6%, for a confidence 
M@e@eerval of 0.42% to 0.77%. Multiple contrast for location 
and range of estimated construction cost did not indicate 
any exceptions. 

b. Conceptual Studies 

The average amount for conceptual studies was 

29,664 with a standard deviation of $9,236, which provided a 


Memeraence interval of $5,851 to $13,476. The cost of 


oN: 





conceptual studies computed as a percentage of estimated 
construction cost produced an average of 0.8% with a stand- 
mma deviation of 0.6% for a confidence interval of 0.55% to 
mo4%. Multiple contrast for location and range of estimated 
cost did not indicate any exceptions. 

c. Energy Conservation Studies 

The average amount for energy conservation 

eeuaies was $3,949 with a standard deviation of $2,257, 
meh provided a confidence interval of $2,892 to $5,005. 
The cost of these studies computed as a percentage of esti- 
mated construction cost produced an average of 0.3% with a 
standard deviation of 0.2% for a confidence interval of 0.2% 
momo.4¢%3. Multiple contrast for location and range of esti- 
meaeed construction cost did not indicate any exceptions. 

dad. Solar Energy Studies 

The average amount for solar energy studies was 
$2,464 with a standard deviation of $1,585 which provided a 
memirrcaence interval of $1,675 to $3,253. The cost of these 
Studies computed as a percentage of estimated construction 
cost produced an average of 0.2% with a standard deviation 
@emo.2s Lor a confidence interval of 0.1% to 9.3%. Multi- 
ple contrast for location and range of estimated construction 
Best did not indicate any exceptions. 
fe section B Percent of ECC 
The total for Section B divided by the estimated 


construction cost produced an average of 3.92% with a 
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Seemdarad deviation of 3.98%. This provided a confidence 
Mmarerval of 3.46% to 4.37%. The limits of confidence inter- 
vals when separated by category codes, estimated construc- 


tion cost, and work codes are shown in Appendix H. 


me oeCTION C 
ime Shope hrawings and Office Consultation 
The hours for shop drawing review and office consul- 
tation divided by the number of drawings produced averages 
of 2.7 hours per drawing and 1.6 hours per drawing, profes- 


Sional and sub-professional respectively, with standard 


deviations of 2.0 and 1.0. Confidence intervals are as 
follows: 
Professional: 2.4 to 2.9 Hours/Drawing 
Sub-Professional: 1.4 to 1.8 Hours/Drawing 


Multiple contrast comparisons were computed for 
Category codes, lead codes, and work codes. The following 
averages were exceptions: 

Avewage Contidence interval 
Professional 
Work Code 5--Retrofit es) OM ere: 27518 
Sub-Professional 


Lead Code 5--Electrical 


jee Bre ae 
Lead Code 6--Civil ene 


Ose feO 


bf 
Oo) 


me AS—-Builts Drawing Preparation 


The hours for as-built drawing preparation divided 


by the number of drawings produced averages of 1.0 hours per 
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drawing and 1.9 hours per drawing, professional and sup- 
orofessional respectively, with standard deviations of 0.8 
@nd 1.3. Confidence intervals are as follows: 


Professional: 2 tOm@el Homes, Drawing 
Sub-Professional: i eOes. le nours/ Drawing 


Multiple contrast comparisons were compared for 
category codes, lead codes, and work codes. The following 


averages were exceptions: 


Confidence 
Be rage Interval 
Professional 
Lead Code 3--Structural ire’, 0.98 eO.2s 6 
Lead Code 5--Electrical a7, Qo to 0.9 
Sub-Professional 
Lead Code 3--Structural 2.9 1G Geo 5 18) 


Bee cection C Percent of ECC 
The total for Section C divided by the estimated 
construction cost produced an average of 0.9% with a standard 
M@evracion of 0.6%. This provided a confidence interval of 
0.8% to 1.0%. The limits of confidence intervals when sepa- 
rated by category code, lead code, and work codes are shown 
in Appendix I. Additionally the average for each range of 


Sstimated construction cost is provided. 


D. LABOR RATES 
1. Labor Rate Increase 
The average labor rate for each discipline by vear 


is shown in Appendix J, as well as the vearly increase in 
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masa trates. Using a composite labor rate of all profes- 
sional disciplines, an average increase of 8.8% was realized 
from 1979 to 1980. For the first six months of 1981, there 
was an increase of 5.2%. Likewise, there was an average 
increase of 3.6% in labor rates for the sub-professional 
miseciplines from 1979 to 1980, and for the first six months 
of 1981, the increase was 5.1%. 

2» Labor Rates by Location 

A separation of labor rates by location is provided 

meoappendix J. A comparison of the average rate by location 
to the average for all contracts indicates that the rates 
for projects in Adak, Alaska are substantially higher, while 
the rates for the Yuma, Arizona projects are lower. The 
rates for the other locations are much closer to the average 


meme all contracts. 


meee OPEN-ENDED CONTRACTS 

1. Number of Awards 

There were 107 open-ended contracts included in the 

database or 36% of the total. Likewise, there were 104 
contracts which were not open-ended, but with a grand total 
fee under $40,000. Contracts under $40,000 can be awarded 
under the open-ended contract provision, provided the other 
qualifying requirements are met. Accordingly, if desired or 
directed by policy, there were enough contracts under the 


$40,000 limit to shift the open-ended awards from 36% to 70% 





of all A&E contracts. Increasing the awards of open-ended 
contracts would be advantageous given the shorter lead time 
to award additional projects as change orders. 

Zee COSt COMpartsons 

Using the statistical technique, "difference of two 
means," the totals for Sections A, B, and C computed as a 
percentage of estimated construction cost for open-ended 
contracts were compared to those not awarded as open-ended, 
but under $40,000. 

The confidence interval for the difference between 
Section A totals ranged from -0.036% to 0.376%. Since the 
"Zero" value was included in the interval, there is statisti- 
cally no difference between the average of 5.62% for open- 
ended contracts and the average of 5.45% for similar 
contracts, not open-ended, for the Section A total. 

The confidence interval for the difference between 
meeelon B&B totals ranged from 0.62% to 2.3%. Accordingly, 
the oven-end contract average of 4.79% for Section B is 
Sacer stically higher than the average of 3.3% for similar 
contracts, not open-ended. 

The confidence interval for the difference between 
Seetion C totals ranged from .013% to .386%. As with Sec- 
tion B, the open-ended contract average of 1.1% for Section 
C is statistically higher than the average of 0.9% for simi- 


lar contracts, not open-ended. 
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PhaseuemeeiomreoratlserOssSeCeEtons Band C are statis- 
mmeaiiy higher for open-ended contracts, the difference is 
Mereesioniticant in that the total percentage for B and C 
combined is approximately the same as Section A alone. 
Additionally, the cost of selection process is avoided by 
negotiating change orders with the same firm for additional 
projects as opposed to negotiating with a different A&E 
firm for each project. Therefore, given the cost for the 
two groups of contracts are similar and the advantages such 
as reduced lead time for awards, retention of high quality 
A&E firms for additional work, and reduced administrative 
cost, an increase in the use of the open-ended A&E contract 


Provision is a viable alternative. 


Bee REGRESSION COST MODELS 

mee ulticollinearity 

Six cost models were developed using the estimated 

construction cost and number of design disciplines as the 
independent variables. The condition of multicollinearity 
between the two independent variables was not considered 
Significant in that the correlation factor for these two 
variables was 0.4333. As such, the effect of a chance in 
either variable on the dependent variable can be considered 
Separately. This is intuitively predictable in that con- 
struction projects may have a relatively high cost while 


Only requiring two or three design disciplines or a relatively 
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Plone projec: May require four or five design disciplines. 
In other words, the two variables are not necessarily re- 
lated to each other. 

Pee keliuabilety Of the Regression Equation 

Three measures of reliability or exactness of fit 
are provided for each of the models. The coefficient of 
multiple determination, r, is an indication of the exact- 
ness of fit of the regression equation. A value of "1" is 
a perfect fit and "0" would indicate there is no relation 
between the independent and dependent variables. 

The standard error of estimate, SEE, is the standard 
deviation of the dependent variable. The measure is based 
on the difference between the observed value of the depend- 
ent variable to the predicted value provided by the regres- 
Sion equation. 

The F ratio is a measure of the variance explained 
by the regression divided by the unexplained variance. The 
F ratio is used in hypothesis testing. The hypothesis test 
would be to reject the null hypothesis that the variance is 
not explained by the regression. The prob-value, »o, of the 
null hypothesis is the criteria for rejecting or not rejec- 
ting the hypothesis. Again using the 95% confidence level, 
meeroo-Value larger than 0.05 would indicate that the null 
hypothesis cannot be rejected meaning the regression is not 
explaining the variance. Therefore, with the computed F 


Statistic and the corresponding prob-value, the hypothesis 





testing can determine if the regressors (independent varia- 
bles) are affecting the dependent variable. [Ref. 42] 

As shown in the next section, the regressions pro- 
duced models which can be considered reliable for cost esti- 
mation. The coefficient of multiple determination, r’, was 
.7 or better for all models except for the Section B equa- 
tion with a value of 0.49. This exception can be explained 
due to the numerous and different items of work that can be 
included in Section B. The F ratios were all very high 
which produced prob-values of 0.000. This indicates that 
the null hypothesis can be rejected for all equations, 
meaning that a significant portion of the variance for the 
dependent variable is explained by the regressions. 

os Regression Equations 
a. Grand Total Fee 
The grand total fee for the A&E contract can be 


Peedicted by: 


Seanad Total Fee = -3965.6 + .0532 (ECC) + 3985.3 (No. of 
Disciplines) 
r* = 9253 SEE = $17,485 
F ratio = 1840.6 p = 0.000 


bewoesection A Total 


mne cotal for design services can be oredicted 
Dy: 


section A = -3804.3 + .0421 (ECC) + 1788.4 {No. of 
Dasetp lines) 


Ou: 





$10,680 
ON 1), ONG, 


x? = .9520 SEE 
Eeratre = 2943.5 D 


Section B Total 


The total for engineering services can be pre- 


=a. / +eeuwoe (ECe)mereis42.3 (Nom of 


Disei planes) 
r* = .4913 SEE = $11,992 
F ratio = 143.4 p = 0.000 


Section C Total 


THesteal fer COnSst suction contract support ser- 


be predicted by: 


=n oO t+ O04 (EEC))+ 428.8 (No. of 


Disciplines) 
r* = 7718 SEE = $2,229 
Paeatio.= 447 27 p = 0.000 


Professional Design Hours (PDH) 


The total labor hours for professional design can 


be predicted by: 


wre eoOo (nce) + 10,7 (No. of Disciplines) 


r* = ,8806 SEE 


F ratio = 1094.7 p 


245 hours 
0.000 


ll Ul 


Number of Drawings (ND) 


The total number of drawings can be predicted 


eo 0004 (BCE) + 2.13 (No. of Disciplines) 


2° = ./7028 SEE 


P aero. = 35162 p 


11 drawings 
ORO Oo 
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Vem APP erent TON OF THE DECISION PROCESS 


A. GENERAL 
/ Developing Estimates 

The decision process and decision support approach 
to the cost estimation of A&E contracts should be applied as 
a supplement to and not as a substitute for the EIC's judg- 
ment and experience. This is a fundamental concept of deci- 
sion support, in that the system should provide the means 
and not the ends for decision making. The information pro- 
vided by this system is significant in that it 1s based on 
the judgment and experience of previous decisions very simi- 
lar to the decisions currently necessary to develop an 
estimate. However, there has never been a construction 
project that was identical to another in all respects. The 
uniqueness of construction projects and consequently the 
design requirements reinforce the requirement for judgment 
aS a major factor in the design estimation process. As 
such, the method an EIC may choose to apply the findings of 
the A&E contract database will no doubt be individualized, 
as they well should be. 

The estimation worksheets included in Appendix K 
present one method of application. These forms are designed 
tO serve as a transition from the findings presented in 


Chapter 4 to the A&E Fee Itemization form, Appendix B. The 





worksheets provide equations to compute the values for key 
components of the estimate based on information derived from 
the database. 
2. Cost Adjustments 

The findings presented in Chapter 4 should be in- 
sensitive to time due to the cost adjustment factor built 
gato the database, the Engineering News Record, Building Cost 
Index. As such, Section II of Appendix K provides the means 
to compute the cost adjustment needed by dividing the cur- 
rent BCI by the BCI of 303, on which the database was con- 
structed. This adjustment factor multiplied by the various 
cost per unit quantities will keep pricing information up- 
to-date. Additionally, the findings of this thesis research 
could very well be applied at activities outside of the 
WESTNAVFACENGCOM area by uSing the current BCI for the given 
geographical location. 

feeecOnrrdence interval Interpretation 

The results of many analytical computations were 
presented as confidence intervals. This technique was chosen 
for those computations which involved much subjectivity. 
Additionally, when the confidence interval technique was 
used, the computation results were provided for three dif- 
ferent descriptive factors. As such, applying this informa- 
tion to a different estimate is an example of the requirement 


for judgment on the part of the EIC in the decision process. 





The method of application used in the work sheets 
Peoamiragh-low teennigue involving three steps: (1) £111 in 
the code for the descriptive factor and the upper and lower 
limit for each confidence interval, (2) then annotate the 
smallest of the lower limits and the largest of the upper 
limits, and (3) compute an average of these two. This tech- 
nique is rather simple and does consider the complete range 
of values for all descriptive factors which defined the 
current project. However, the judgment of the EIC may con- 
clude that not all descriptive factors are pertinent and 
that only one or two best reflect the project currently 
being estimated. 

4. Scoping Estimates 

The purpose of a scoping estimate is to give the EIC 
an idea of approximate cost, a "ballpark" figure, or a point 
of departure in computing a detailed estimate. From the 
findings in Chapter 4 and by the techniques presented in 
the estimation worksheets, scoping estimates can be prepared 
in two methods: (1) using the regression models and (2) by 
the percentage of estimated construction cost influenced by 
descriptive factors. The results of the two methods will 
invariably be different, which will give an upper and lower 
range of possible values. These two methods are applicable 
Beeecie totals of Sections A, B, and C. Additionally, a 
scoping estimate for Section A may be computed by the car- 


tooning method, determine the number of drawings extended by 
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the cost per drawing. The regression model is the method 
for computing scoping estimates for the grand total tee 
(Section I, Appendix K). This model may also be applied in 
the planning stages for an A&E design budget. 
ee Detailed Analysis Method 

Given the requirement to develop A&E estimates by 
detailed analysis, the emphasis of the decision support ap- 
plication is directed towards computing the components of 
each section. As such, each section will be addressed 


separately. 


meee DHLALLED ANALYSIS PROCEDURES 
ime Section A 

The detailed analysis method identifies all require- 
ments for design services in terms of labor hours. However, 
the quantity that needs to be computed first is the number 
of drawings. Two methods are provided to accomplish this 
computation: the regression model and by estimated construc- 
tion cost per drawing. These methods are presented in Sec- 
tion III A of Appendix K. Then, the labor hours can be 
computed by the first two steps presented in Section III C 
of Appendix K: (1) the total number of drawings are sepa- 
rated by discipline and (2) the hours per drawing for each 
discipline are extended by the number of drawings to derive 


mOtal hours. 
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Labor hours can also be computed based on the esti- 
mated construction cost method and by regression models as 
Sewn im Section III.c.3, 4, and 5. These totals will serve 
eee check” figures to the totals computed based on the nunm- 
mee Ot drawings. Any additional labor identified will be 
those design hours which are not explicitly presented on a 
drawing. 

The three labor ratios computed in Section III.C.6 
of Appendix K will also serve as a "check" figure to ensure 
emoroper distribution of different labor hour totals. 

The labor hours for the three disciplines which con- 
stitute design support can be computed as a function of 
professional design hours. Again, these methods, Section 
III.c.7, of Appendix K, provide an alternative means of 
labor hour computations to the number of drawings method. 

Once the required hours for each discipline is de- 
termined, the cost for Section A can be computed by applying 
meee (Appendix J), overhead and profit rates (Section III.C, 
8 and 9 of Appendix K). 

me Section B 

EBStimating the cost for engineering support is fairly 
Straightforward in that Section B is comprised of six dif- 
ferent sub-totals, as shown on figure 2. The EIC must de- 
termine which of the six components are required for the 
project and estimate the cost separately for each to include 


all labor, equipment, overhead, profit, etc. 
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The amounts for sub-surface investigation and topo- 
graphic survey are estimated by a similar procedure. The 
range of estimated construction cost and work code were the 
factors affecting these two estimates. Accordingly, con- 
fidence intervals for these two (Section IV.B.1 and 2 of 
Appendix K) provide upper and lower limits on total amounts. 
As with Section A computations, the EIC must determine the 
amount based on these two ranges of values. 

The cost for field investigations involves two 
steps. First, the number of man-days must be determined, 
then the cost per man-day to derive a total. Computing the 
man-days was based on the estimated construction cost and 
the confidence intervals in Section IV.B.3 of Apvendix K 
represent the amount of construction cost per man-day. By 
averaging the three intervals, a man-day estimate can be 
computed. The cost per man-day was based on the complete 
database with exceptions noted by location. 

Miewcost Lor reproduction (Section IEV.B.4 of Appendix 
K) can be estimated by extending the number of drawings by 
the cost per drawing. At this point, the number of drawings 
has been determined. The cost per drawing was determined by 
confidence intervals on the complete database with exceptions 
meted by location. 

Estimates for other special costs are limited to 
project engineering documentation, conceptual studies, 


energy conservation studies, and solar energy studies 
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(Section IV.B.5 of Appendix K). Estimates for each of these 
can be computed as a percentage of estimated construction 
cost, then compared to the confidence interval computed by 
total amount to provide a "check" figure. 

Travel was computed as a percentage of estimated 
construction cost and presented as a confidence interval 
(Section IV.B.6 of Appendix K). The confidence interval 
was based on the completed database with one exception by 
location. 

bee Section C 

The detailed analysis method for Section C, Construc- 
tion Contract Support Services, involves determining the 
labor hours for each of the four sub-totals of the section: 
Shop Drawings--professional and sub-professional, and As- 
Built Preparation--professional and sub-professional (Section 
fa. tl, 2, 3 and 4). The labor hours for each sub-total is 
computed as a function of the number of drawings. The hours 
per drawing for each sub-total is presented as a confidence 
interval based on the complete database with exceptions as 
noted. With the four sub-totals of labor determined, the 
Metal for Section C is computed by applying the labor, over- 


head, and profit rates. 
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Ge DECISION SUPPORT TEST CASES 
1. General 
Test cases of the decision process and decision sup- 
port approach were accomplished by applying the system to 
A&E contracts not included in the database. The step-by- 
step procedures outlined in Appendix K were followed for 
three test cases. The results of each test case are pre- 
sented in Appendix L. The results are presented in summary 
form showing key components for the government estimate, the 
negotiated price, and the estimate generated by the proce- 
dures of Appendix K. Additionally, the results for the 
scoping estimate techniques are shown as well as estimates 
computed by the detailed analysis method. 
2. Test Cases 
a. Test Case No. l 

This contract was for the rehab of the consoli- 
dated open mess in Adak, Alaska. The estimated construction 
cost was $200,000 and the A&E contract was negotiated in 
mame 1981. 

The scoping estimate techniques were accurate 
for this test case as computed values closely represented 
the negotiated price. However, the regression model for 
professional design hours predicted a much larger quantity 
Se Labor hours. 

The detailed analysis method was very accurate 


in that the predicted value for the grand total fee was 
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within 73 of the negotiated price. An analysis of each 
section indicates that Section B was lower than the nego- 
tiated price due mainly to a difference in field investiga- 
tion. Section C was lower in total price, but the labor 
hours estimates were higher. Likewise, the labor estimates 
in Section A were larger than both the government estimate 
and the negotiated price. However, when the labor hours 
were extended by labor rates with overhead and profit ap- 
plied, the computed total exceeded the 6% limitation. 
Therefore, the estimate for Section A was capped at $12,000. 
Given this situation, it can be concluded that this test 
case demonstrates the effect of the 6% limitation, reducing 
the labor hours needed for design services. This conclusion 
is also supported by the general characteristics of this 
project: relatively small in scope, in a remote area, and 
a rehab project, which may have construction requirements 
unidentifiable in the design stage. 
b. Test Case No. 2 

Mies Contract was for a road repair project in 
the San Diego area. The estimated construction cost was 
9637,000 and the A&E contract was negotiated in July 1981. 

The scoping estimates for this contract were not 
as accurate as in test case number one. The grand total fee 
estimate was significantly lower than the government estimate 
and the negotiated total. However, the three Section A esti- 


mates were all accurate while being within 14% of the 
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negotiated total. The two techniques for Section B were 
Guite divergent. Likewise, the two Section C estimates were 
widely spread and both higher than the negotiated figure. 

In this test case, all regression model estimates were the 
lowest and the highest were computed by the percentage of 
estimated construction cost method. 

The detailed analysis method provided an excel- 
lent estimation of the grand total fee and was within 8% of 
the negotiated total. The labor hours estimates of Section 
A were representative of the negotiated values with slightly 
more professional hours and less sub-professional hours. 
Additionally, there were more hours estimated for design 
Support and less for design. Comparing the estimates for 
Section B indicated mixed results. Field investigation and 
reproduction cost were higher with travel extremely too 
high. Additionally, topographic survey costs were estimated 
too low. The hours for Section C were all higher than the 
negotiated figure with total cost significantly higher. The 
grand total fee for this case was estimated quite accurately 
as was the Section A, design services. However, the bottom- 
line accuracy of this contract was the result of higher and 
lower estimates of each section offsetting each other. 

While the higher amount of Section C did not significantly 
affect the total, Section B needs emphasis on this test case. 
The range of values for these components varied greatly as 


did the scoping estimates. This again emphasizes the 
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miporeance Of judgment on the part of the EIC to inject 
proper interpretation of the numbers. For example, this 
contract was for road repairs and as such, topographic 
Survey would intuitively be a major component of the A&E 
contract. However, the decision support information did not 
provide a sufficient total for this component when applied 
Simply as an average of confidence intervals. This situa- 
tion demonstrates the necessity of using the system as a 
means of decision making and not the decision itself. 

c. Test Case No. 3 

This contract was for the construction of a new 
applied instruction building in the San Diego area. The 
estimated construction cost was $280,000 and the A&E con- 
tract was negotiated in May 1981. 

The scoping estimates for this contract were 
higher than the negotiated totals. As opposed to test case 
number two, the regression models generated the larger 
estimates, while the estimates based on estimated construc- 
tion cost were the smaller of the two. Again, of all 
scoping estimates, the methods for computing Section A were 
the most accurate. 

The detailed analysis estimate for grand total 
fee was within 2% of the negotiated fee. This close estimate 
1s also reflected in each of the three sections as all esti- 
mates were accurate. The total for Section A was capped at 


i=) 


$ Of estimated construction cost similar to the discussion 
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in test case number one. The components for Section B 
totaled within 6% of the negotiated total, while the number 
of man-days of field investigation was significantly dif- 
ferent. There were 27 additional labor hours for Section C, 


which is reflected in the higher estimate for those services. 


Pee OUMMARY OF TEST CASES 

The effectiveness of the scoping estimates covered ail 
possibilities for these three test cases in that for one 
contract the estimates were low, another the estimates were 
high, and another with the estimates very close to the 
negotiated price. However, the best estimates were predicted 
for the Section A total. This was expected given the very 
high rv value, .9520, of the regression cost model for Sec- 
tion A. Additionally, the two methods for number of drawings 
and professional design hours generated reliable estimates. 

The detailed analysis method was very accurate for Sec- 
tion A. However, the method tended to estimate a higher 
number of labor hours. The one component that stood out as 
different in Section B was the number of man-days of field 
investigation and detailed analysis method for Section C 
consistently estimated a higher number of labor hours, simi- 
lar to Section A. The detailed analysis method was very 
accurate in estimating the grand total fee with all esti- 


mates being within 8% of the negotiated total. 
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VI. SUMMARY AND CONCLUSIONS 


A. SUMMARY 

The position of the Department of Defense and Naval 
Facilities Engineering Command has been established in sup- 
Sent Of the Brook's Bill method of business for A&E con- 
tracting. With the emphasis on procurement of quality 
construction design through technical competition and nego- 
tiation vice obtaining these services through price competi- 
tion, the responsibility for stewardship of public funds 
becomes particularly sensitive. While there have been no 
scandals or investigations of "wrong doings" on the part of 
the Navy, opponents of the Brook's Bill are keeping a vigil 
watch on these procurements and practices. As such, it is 
imperative that established contracting procedures be fol- 
lowed explicitly and executed in an "above reproach" method. 

As discussed in Chapter I, the importance of an accurate 
government estimate in negotiated procurements cannot be 
overemphasized. Therefore, the motivating idea behind this 
thesis research was to strengthen the technical competition 
procurement orocedures by developing more effective govern- 
ment estimates. The implementation of this idea was directed 
towards utilizing the "corporate memory" as a viable re- 
source in developing estimates. There has been an under- 


Meme zatwon Of this valuable resource due to a lack of an 
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organized database. Once the database has been constructed, 
there is seemingly an endless number of analytically de- 
rived or retrieved pieces of information available from the 


data. 


eee CONCLUSIONS 

The decision process and decision support approach to 
A&E contract cost estimation is effective. As demonstrated 
by the test cases, the objectives of this approach were 
achieved in that estimates which more accurately predicted 
the negotiated contract cost were derived. Additionally, a 
greater level of confidence in the accuracy of the estimates 
was achieved by having the support of a database of empiri- 
cal information. Other objectives were achieved in that the 
Structure of the decision process provides the means for an 
organization to use a consistent estimation methodology, 
pricing information remains current due to the cost index, 
and relationships between the various components of the fee 


itemization have been defined for cost estimating. 


Seer UlLURE RESEARCH 

There are many possibilities for future research that 
can build upon this thesis. The decision process could be 
refined by the results of a formal questionnaire to the EICs 
of all Engineering Field Divisions. Accordingly, modifica- 
tions to the decision process will identify different analy- 


tical computations to support the process. The cost 
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estimation models generated by the multiple regression pro- 
gram could be improved by more detail in the analysis of 
residuals to determine the descriptive factors of those con- 
tracts causing the largest deviations. Different cost in- 
dexes could be applied to the cost per unit quantities to 
determine if cost projections can be improved. Additionally, 
the research could be expanded by adding more contracts to 
the database, perhaps to include all Engineering Field 


Divisions. 
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APPENDIX A 


THE ENGINEERING FIELD DIVISIONS OF NAVFAC 


Commanding Officer 

Northern Division 

Naval Facilities Engineering Command 
Philadelphia, PA 19112 


Commanding Officer 

Chesapeake Division 

Naval Facilities Engineering Command 
Washington Navy Yard 

Washington, DC 20374 


Commander 

RelantiaceDiy1s7on 

Naval Facilities Engineering Command 
U.S. Naval Base 

Norfolk, VA 23511 


Commanding Officer 

Southern Division 

Naval Facilities Engineering Command 
Pao. BOx 10068 

Ghavleston, SC 29411 


Commanding Officer 

Western Division 

Naval Facilities Engineering Command 
P. OrmmbOx 7 27 

San Bruno, CA 94066 


Commander 

PaeLtiic _™Division 

Naval Facilities Engineering Command 
Pearl Harbor, HI 96860 
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peo cr OD mOLiEkworhCtAL COST’ ITEMS 
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32° 308732 -45 
Zc Ole 34 
23 ee Seo 4 eee 
22 Pee 2 oS 
27 30 353 42 
1922 24 35 
22S oe) 
14 20 29 29 
Vie Sia a9 a a 
60 71 64 £96 

7 ry 

6 4 

4 4 3 

i> ls) 7/13 34 
40 45 36 £56 
85 41" —4i0 54 
| SO OT mat 


B= hOUrO0 1» LO 


foe 000,001 to 32,500,000, 


50 


Jaa U0, OOM and wp 


Da SOO nO ton 7750 ,000 , 





Average Hours Per Drawing 
py hea! se hel ane Code 


All Reacweceas. > 
@Gomepacess » Iy> 2 3 4 5 #6 


PROJECT ENGINEER 3-5 ie 3 if 4 5 4 
een lL TECT eae ly omer oe 20 (laa 1S" (23 
Ses—-ARCH 24-30 Somecoeee> 20° 205840 
STRUCTURAL 18-24 DOM Oeco. co .19 9 15 
SUB-oCRUCT Ps So) 74 Bem cOame29° 934 26.5526 
MECHANICAL See oeelaweese (ia 22. 15 
See —-MECH 22> SCpecameco “21 27 24 
ELECTRICAL Lory 12:1.) G1 Se I Wi sae Os | 
Ses—-SLEC Zee S0)) 275 5 757 Ae ae |e 
env LL rae Vom wees 22: 22013 
sep—-CIiVIL Pi ENO S, Poo 22. 24 25 2) 
LANDSCAPE 2 & Sac lO 6.26) l= 1 
SUB~-LAND Z5= 53 BOZO 20) == e123 
TOTAL DESIGN 38-44 31 43 54 36 41 £438 
oeee WRITER 4-6 8 2 5 
Seo) ESTIMATOR B=5 3 3 B! 

mee lsT S25 6 5 - + 
TOTAL DESIGN 

SUPPORT LOSS Weeomernes LOY 127° 13 
TOTAL PROFESSIONAL PEN, SE2eeecoOoewrt la 23. 27 26 
eT AL SUB-PROF fs BY, imo Omes: 23° (274 25 
TOTAL S057 So. oo 72 46 54 51 


10 
24 
24 
483 


*A 95% Confidence Interval 


Meee —Project Engineer, 2--Architect, 3--Structural, 
@>—-Mechanical, 5--Electrical, 6--Civil, 7--Landscape 


--Data not available 





Average Hours Per Drawing by Work Codes 


PROJECT ENGINEER 
ARCHITECT 
SUB~ARCH 
STRUCTURAL 
See-olRUCT 
MECHANICAL 

Swe —MiCH 
ELECTRICAL 
swear LEC 

ey TL, 

sep eclVIL 
LANDSCAPE 
SUB~LAND 

TOTAL DESIGN 
Se ee WRITER 
COST ESTIMATOR 
hye LST 


TOTAL DESIGN 
SuePORT 


TOTAL PROFESSIONAL 
ieee SUB-PROF 
TOTAL 


All 


Contracts * 


S=5 
iS ih 
24-30 
18-24 
IAS 3) 
Sie ea 
Px IPAS) 
See by, 
Ze 
IL Bhs 
Zoo 
Sis 
Zoo 
38-44 

4-6 

Bao 

35, 


ne alee 
1b, SS IAS, 
AST) 
B= 57 


*A 95% Confidence Interval 


**x*1l--New Construction, 


2--Repair, 


Installation, 5--Retrofit 


--Data not available 


3S 


Ble, 
53 
25 
32 
SEY 
26 
ee 
Ze 
18 
Zo 
ai 
30 


BE. 
el 
SZ 
62 


3--Alteration, 


Work Codes** 


Z 


a 
abe 
2583 
15 
Ze 
1 
on 
14 
Ly 
14 
ie 
Ny 
24 
59 

5 

= 

5) 


i 
26 
26 
a 


3 


“ 
i3 
26 
20 
28 
3E 9 
26 
Ble) 
24 
16 
27 
ne, 
2 
42 

5 

- 

= 


i 
4 
28 
50 


= 


2 
ies 
oF} 
Zo 
ASL 
ie 
Ly 
12 
US 
Ly 
HL BL 
35) 
30 
30 

~: 

2 

5 


10 
ig 
20 
40 


4--Equipment 


~) 


14 
16 
30 





Average Hours Per Drawing 
by Number of Design Desciplines 


All Number of Design Disciplines 
Commenctsm 1 2 3 4 5 6 7 


PROJECT ENGINEER 355 an “. 5 1 3 5 5 
ee CHITECT Ly =e 0 8 oe Lo eo 
SUB-ARCH 24-30 ec ety 19 S27 34 eed 
STRUCTURAL Wee eee eels 24 (185 25 S21 
awe ol RUCT PN Se Mowe ieee 35° 238 31 30 
MECHANICAL eee, Soe LO Le go 7 
SsUB—-MECH Zl eS) See meo. «6-202 62005 29°EeZG 
ELECTRICAL ib SIL eee! 61S. eG: 20, 1% 
Sue-ELEC Ad CimeeromecO 22 21 %2/ 29 
crv iL ea Peo 614 8195 ia 
SUB-CIVIL nh, Celomee?: 25) )24e57/ 31 
LANDSCAPE P25 == feeee 14 19° 24 19 
SUB-LAND Zoo = 0 SPIES 3 ge el ear 
TOTAL DESIGN 38-44 Zoeeooeeso 40 41 53 52 
SPEC WRITER 4-6 2 5 5 = 5) i 6 
COsT ESTIMATOR 35 2 = 3 3 = = 5 
ier PST j=) + D = 4 4 4 
TOTAL DESIGN 

Sur PORT I OSes: See owe ll tt 12315 14 
TOTAL 

PROFESSIONAL 23-29 ieee oe 24" 24-726 35 31 
meTAG SUB-PROF JESS) Ome oo 3 260 27 33. 35 
TOTAL E015) 7) beeeao 4/7 50 53 68 66 


*A 95% Confidence Interval 


--Data not available 


oo 





Estimated Construction Cost Per Total Labor Hour 


Limits of Confidence Intervals (S$) 


Caceqouy Code Est. Sonstruction Cost Work Code 


Codes Lower Upper Lower Upper Lower Upper 
0 410 796 = = = - 
1 437 Sit ao 7 396 455 526 
Z 435 494 402 444 472 560 
5 = - 434 493 435 499 
4 446 623 453 534 380 509 
5 B22 541 485 Siac 399 472 
6 SoZ 2 a 462 630 = - 
7 403 482 506 609 = = 
8 453 536 519 1162 = - 
9 456 609 481 860 = = 


Maeegory Codes: i1--Ops & Trg, 2--Maint & Prod, 4--Supply, 
9--Medical, 6--Admin, 7--Community, 8--Utilities, 
9--Ground Structures, 0--Family Housing 


Estimated Construction Cost: 1--$0 to $50,000, 2--S50,001 
meemot00,000, 3--$100,001 to $250,000, 4--$250,001 to 
00,000, 5--5500,000 to $750,000, 6--$750,001 to 

edd ,000, 7--51,000,001 to $2,500,000, 8--S2,500,001L to 
$5,000,000, 9--$5,000,001 and up 


Work Codes: 1--New Const., 2--Repair, 3--Alteration, 
Peeecuip. Install., 5--Retrorfit 
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Estimated Construction Cost Per Design Hour 


Limits of Confidence Intervals (S$) 


Seem meedo me eotemeonoeruction Cost Work Code 
Codes Lower Upper ~ Lower Upper Lower Upper 
0 546 985 - - = - 
i 535 694 500 ole 5o@ ais 
2 579 692 547 oar 642 767 
3 - = 593 700 5) 3) 7 680 
4 628 914 Boy 720 476 qa 
5 440 YAS. 627 697 553 668 
6 Bac 733 Sisko 810 ~ - 
7 548 656 603 746 - - 
8 583 688 88, 1346 = = 
9 621 a0) 55 5 988 - - 


Caregory Codes: 1--Ops & Trg, 2--Main & Prod, 4--Supply, 
5--Medical, 6--Admin, 7--Community, 8--Utilities, 9--Ground 
Seeuectures, O--Family Housing 


Estimated Construction Cost: 1--$0 to $50,000, 2--$50,001 
memo ,000, 3--S100,001 to $250,000, 4--$250,001 to 
meon000, 5--$500,001 to $750,000, 6-~$750,001 to 

peu, 000, 7-~$1,000,001 to $2,500,000, 8--$2,500,001 

to $5,000,000, 9--$5,000,001 and up 


Work Codes: 1--New Const., 2--Repair, 3--Alteration, 
Pemecuip. Install., 5--Retrofit 


Niche, 





Codes 


0 


1 


SECTION A % of Estimated Construction Cost 


Limits of Confidence Intervals (3%) 


Category Code Est. Goustrueeuon Cost Work Code 


Lower Upper Lower Upper Lower Upper 
4.15 5 G10) = = = = 
05 0 Seo. Scie Sy) 5) oR a6 
SRS: Be 5205 5 sks 5.08 Spas 
- = eee 5.64 Deas Soo 
4.54 DE Oe Ds lent Sy eos 5.47 62.00 
Sya leile’ 6. U0 a. 28 Syne 5.46 3266 
A353 5 68 4.7 5.64 - 
Dice 50 4.61 Sel 2 - - 
Bie lth 5252 2205 4.90 - = 
4.94 a, 3262 3g OI = = 


Category Codes: 1--Ops & Trg, 2--Maint & Prod, 4--Supply, 
5--Medical, 6--Admin, 7--Community, 8--Utilities, 
9--Ground Structures, 0--Family Housing 


Estimated Construction Cost: 1--$0 to $50,000, 2--$50,001 
mmerOoO,000, 3—=—-Ss100,001 to $250,000, 4--$250,001 to 

wwe, 000, 5--$500,001 to $750,000, 6--$750,001 to 
mmeeoo,000, 7=—si,000,901 to $2,500,000, 8--S2,500,001 to 
$5,000,000, 9--$5,000,001 and up 


MOrk Codes: 1--New Const., 2--Repair, 3--Alteration, 
4—--Equip. Install., 5--Retrofit 


ei 





APPENDIX H 


SECTION -B- FINDINGS 


Sub-Surface Investigation 


Estimated Construction Cost Work Code 


Codes Lower Upper 3% of ECC Lower Upper % of ECC 

i * 2.8 3250 4071 0.6 
2 1334 2345 20 1119 4546 32 
3 999 3431 le il SSG) oli7 1.0 
4 2319 4297 0.9 ° * 0.2 
5 850 3693 ORs 2 * 0.5 
6 2543 6803 ies ~ - 

i 23S 8407 0.4 ~ - 

8 2019 8265 One - - 

9 4071 10486 fea - - - 


Estimated Construction Cost: 1--$0 to $50,000, 2--$50,001 
mews! O00,000, 3--$S100,001 to $250,000, 4--$250,001 to 
700,000, 5--$500,001 to $750,000, 6--$750,001 to 
menoo0,000, 7--$1,000,001 to $2,500,000, 8--$2,500,001 to 
meme00,000, 9--$5,000,001 and up 


Work Codes: 1--New Const., 2--Repair, 3--Alteration, 
Meenouip. Install., 5--Retrofit 


Smsutrticient data to construct confidence interval 


sy 





Topographic Survey 


Mines Or CGontiagence Intervals (S$) 


Estimated Construction Cost Work Code 
Codes Lower Upper % of ECC Hewer ) Upper ws of ECC 
ih 762 2806 the, 2555 3715 O22 
2 iSite! 4212 3.4 3432 8444 2s 
3 563 6272 ZO Pe S10) 310818 LAG 
4 2405 3) aly, O29 - x wee, 
5) 323 12486 1.0 x x 0.4 
6 2506 5996 OGs5 - - - 
i 2348 8460 0.4 - - - 
8 52.96 8588 OZ - - - 
9 ies G7 0 Or - - = 


faeim@aced Construction Cost: 1--$S0 to $50,000, 2--s$50,001 
memo ,000, 3--$100,001 to $250,000, 4--$250,001 to 

memo, 000, 5--S500,001 to $750,000, 6--$750,00l1 to 

meno ,000, 7—--S1,000,001 to $2,500,000, 8--$2,500,001 

meme 000,000, 9--$5,000,001 and up 


Work Codes: 1--New Const., 2--Repair, 3--Alteration, 
Se=EqQuip. Install., 5--Retrofit 


Mime rrei1cient data to construct confidence interval 


ie6 





Estimated Construction Cost Per 


Man-Day of Pcie stigacion 


Limits of Confidence Intervals ($000) 


Category Code Est. Construction Cost Work Code 
Codes Lower Upper Lower Upper Lower Upper 
0 9.0 41.9 = = = = 
1 SY a2 USoe0 Gre lees On. ARG 6 
2 O20 205 <7] LOR IES: Dias 34.5 
5 - = iL). 258 156 146.3 
4 Big. 3 133.4 Sor 46. Ges Zo). 1 
5 Ze See 39% 68. LO. 22 
6 2.9 405°. 5 60. Gn - 
7 22.9 ali 8 pies) 23% 415. - 
8 iO ciGw Gide 426. = 
) BZ. 5 eye 8) LSS: 485. = 


mmeeagary Codes: 1--Ops & Trg, 2--Maint & Prod, 4--Supply, 
5--Medical, 6--Admin, 7--Community, 8--Utilities, 9--Ground 
Benpuctures, O--Family Housing 


Estimated Construction Cost: 1--$0 to $50,000, 2--$50,001 
memotO0,000, 3--S100,001 to $250,000, 4--$250,001 to 
fmeeeoO0, 5--5500,001 to $750,000, 6--$750,001 to 
mo 00 7000, 7--S1,000,001 to $2,500,000, 8--S$2,500,001 
@on-2507000, 9--$5,000,001 and up 


Work Codes: 1--New Const., 2--Repair, 3--Alteration, 
meet p. Install., 5--Retrofit 


shoes, 





SECTION Bes OL BStimated Construction Code 


Limits of Confidenct Intervals 


Care Jou weede ES eemeconsSEGnuceLOn Cost Work Code 
Codes Lower Upper ~ Lower Upper Lower Upper 
0 i Wee, a8 - = ~ - 
i BL 4.6 ae Bee), Zt 4.0 
2 PAE 4.4 4.0 D0 3.4 SO 
3 - = Fag fe) Sys bts 4.2 
4 eee 55 2746 3.4 7a 6:5 
= ecw 4.5 js, 50 eres. Gil 
6 3 2.9 is 33 - ~ 
iy TAS, 4.5 1.4 Javed - - 
8 2 57 ia er - - 
9 Srey Die. Oe5 ee - - 


@aeegory Codes: i1--Ops & Trg, 2--Maint & Prod, 4--Supply, 
5--Medical, 6--Admin, 7--Community, 8--Utilities, 9--Ground 
Structures, O--Family Housing 


Estimated Construction Cost: 1--$0 to $50,000, 2--$50,001 
meme o0,000, 3--$100,001 to $250,000, 4--$250,001 to 
meee,u00, 5--$500,001 to $750,000, 6--$750,001 to 
$1,000,000, 7--$1,000,001 to $2,500,000, 8--$2,500,001 

mem o00,000, 9--$5,000,001 and up 


Work Codes: 1--New Const., 2--Repair, 3--Alteration, 
4--Egquip Install., 5--Retrofit 
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APPENDIX 1 


SECC CC ELNEINGS 


SeGction C Seemeestimatea onstruction Cost 


Limits of Confidence Intervals (%) 


Category Codes Lead Code Work Code Average % 
Codes Lower Upper Lower Upper Lower Upper of ECC 
0 4 ADEE, = = - = - 
1 e:) eg | = = 7 oe Ibe) 
2 8 eZ 9 al al 8 ee, esl 
3 - = 7 53 oO il 1910) 
4 5) el 9 see 3s) ileal 7 
5 5 io =6 8 9 1.4 6 
6 6 120 | | - = 8 
7 6 ib ate = = - 5) 
8 7 aol = = = - 4 
9 4 LZ = - - = 5 


Lead Code: 2--Architect, 3--Structural, 4--Mechanical, 
5--Electrical, 6--Civil 


Beeecory Codes: tl--Ops & Trg, 2--Maint & Prod, 4--Supply, 
5--Medical, 6--Admin, 7--Community, 8--Utilities, 9--Ground 
structures, O0--Family Housing 


Estimated Construction Cost: 1--$0 to $50,000, 2--$50,001 
memo 0O,000, 3--S$100,001 to $250,000, 4--$250,001 to 
7200,000, 5--$500,001 to $750,000, 6--$750,001 to 

mee, 000, 7--$1,000,001 to $2,500,000, 8--$2,500,001 to 
meme ,000, 9--$5,000,001 and up 


Work Codes: 1--New Const., 2--Repair, 3--Alteration, 
feeeauip. Install., 5--Retrofit 
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Ae REND Ix «J 


LABOR RATES 


Average Labor Rates (S$) 


Calendar Year Rercemrage  lucrcase 
1979 1980 1981 1979-1980 1980-1981* 


Professional 
Meegect Engineer 16.39 17.79 18.54 Sao 4.2 
Architect log5o 14249 14.78 Ae Papal 
menue tural iS oOime limos © 15.72 Oise G0 
Mechanical tee 74) aes 7 15236 6.0 5.4 
Electrical 13.48 14.63 15.64 S20 6% 
ey 1 1 Pome eee 6 487 See cas 
Landscape Wee W469 14.96 Lao no 
Spec. Writer eee aede2 15.26 8.4 3) A UE 
Cost Estimator eo ieeear wy 61 S20 oS 3 
CCSS Rate Pay O2e le. o2 6.05 Dery, ae 
Sub-Professional 
Architect Bo i oe el 5 arate! wo RZ 
eemuctural Ore 7 PaO S10 528 2a 13h 
Mechanical S791 One 92.30 a a6 
Pebcetrical 8.69 oeoe oS 7s age =D 
Caatalgl S257 oe a7 SG oes, lets) 5 - .2 
Landscape Texel S75 et ated, Zo 1la6 
Spec. Writer S220 B14 (ON) Sa | = B85 eS 
BySist 5.94 6.62 6.84 lave S00 
Cost Estimator ead ei 8.24 92158 ~ 6.0 11.4 
CCSS Rate 90.0 alls 3) SS 1.4 2 


Semmough the first six months of 1981 
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APPENDIX K 


COST ESTIMATION WORKSHEET 


PROJECT TITLE: 


ESTIMATED CONSTRUCTION COST: $ 


moeAlTLON: 


Daa E : 


ek BCI: 


eeEGORY CODE: 


meRk CODE: 


Pee DISCIPLINE CODE: 


hitisaeek OF DISCIPLINES: 


feecrAND TOTAL FEE (GTF) 


Estimated Construction Cost (ECC): S§& 


Number of Design Disciplines (NDD): 


° =o Om 0 3 2.(5 VM as, Di 52.571 
clr ECC NDD 


pe 
Hoa 
U1 





alae COST ADJUSTMENT (CA) 


Current ENR BCI + Database ENR BCI 


MI 


CA 


= Sie) 8) 


meter SECTION A (SEC A) 


A. Number of Drawings (ND) 


le ehecmeooo LoMnevledel 


= 1.14 + .000014 ( ee ee Gel | 
ND BEC 


2 ecmmaeed Conseauccion Cost per Drawing 
(APPENDIX G) 


NDD 


Confidence Intervals (S$) 


Lower 
Category Code S 
ECC Code S 
Work Code S 

Database $24,946 
ECC/Drawing = $ 
= ( real x 
ND Project ECC ECC/Drawing 
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Uppes 


CA 





B. Scoping Estimates 


Regression Model 


= -3804 + .0421($ eae ssa ( ) 
ECC NDD 


COSEn per Drawing (APPENDIX G) 


Confidence Intervals (S$) 


Lower Upper 
Category Code S $ 
ECC Code $ S 
Work Code $ $ 
Database Sal. os Sil 476 


Cost/Drawing = $ 


pee = ees if x ) 
SEC A ND Cost/Drawing er 
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Se Se rece nEagenor Estummatea. Construction Cost 
(APPENDIX G) 


Confidence Interval (3%) 


Lower Upper 
CdvedOmy sy eede Ss eee: 
ECC Code ___ 3 3 
Work Code eel eee 
Batapase Saco 5.483 

CIC 83 
2 See ) x [ = 500) 
SEC A EEC ECC % 


C. Detailed Analysis 


1. Distribution of Drawings (APPENDIX G) 


Type of Lead Code Total Number 

Drawing for TLOtal of Drawings 

Architectural = ( ex, ( = 
SGiswec ial: = ( een ) = 
Mechanical = ( lige cae | i 
Pilecerical = | oe ll ) = 
Cig 1) = ( ) x ( = 
Landscape = ( | ) = 
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2. omiso. Per Drawing (APPENDIX G) 


Project Engineer 
Architect 

sub—-Arch 
Becuctural 

aaa truct 
Mechanical 
Sub-Mech 
Blectrical 

eup-Er lect 

eivyil 

Bpub-Civil 
Landscape 

Sub-Land 

Total Design 

Spec Writer 

Cost Estimator 
typist 

Total Design Support 
Total Professional 
Beeal Sub-Prof 


motal 


Complete 


eee. 
24-30 
Poe 
I= 82 
Poy 
22 
iS) ay 
FLAN PLS 
i4=1S 
Z3=29 
IB Ae 
PSB) 8 


38-44 


= Ee 


ee 


mm 


cen ral 


Se eee eee ee 


= ee ee 


SSS SS SSS SSS SS SS SSS 


149 


Computed 





Geo bases Hours (LH) 


Estimated Construction Cost per Total Labor Hour 
(APPENDIX G) 


Confidence Interval (S$) 


Lower Upper 
Category Code | $ S 
ECC Code ies S S 
Work Code ne ° S 
Database S$ 466 > Ss 


ECG, Potala haboOGehour.= 


= ($ ke 4 ) 
Bue) St BEC EGE, Poral CA 
Labor Hours 





Morale beslonswneurs —(PrOressional & 
subprotesstoenal (TDH) 


Estimated Construction Cost per Total Design Hour 
(APPENDIX G) 


Confidence Interval (S$) 


Lower Upper 
Category Code _| $ S 

Eee (Code ee $ 2 

Work Code aaa S 2 
Dakapase 012 S 680 


ECC/Total Design Hour = 


= (5 ) = x ) 
ECE ECC/Total Design Hours CA 
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oe 


Professional Design Hours (PDH) 


* Regression Model 


= -17.7 + .0906($ ae O a7 | ) 
PDH ECE NDD 


Labor Ratios 


a. Design Hours--Professional & Subprofessional 


Professional Design Hours (PDH) 


= a | $ = 100) 
PDH Total Design Hours (TDH) 


Database: 42% to 46% 
teaade Goce 3 (STRUCT): 46% to 59% 


Subprofessional Design Hours (SDH) 


ee CU XM CLC USS 100) 
SDH Total Design Hours (TDH) 


Database: Bos tO 36s 


Reacmeoge 3G (STRUCT): 41% to 542 


Ley 





Met al 


Total Professional Hours (TPH) 


Ize! 


= Soe ( % 
Total Labor Hours (TLH) 


Database: aligiGs ierer ss BlE= 


heacmeode 3 (STRUCT): 522% to 622 


Total Subprofessional Hours (TSH) 


TSH 


= oe || 3 
TOtal Labor Hours (TLH) 


Database: SU e sO O72 s 


Lead Code 3 (STRUCT): 38% to 483% 


Total Hours--Design & DeSign Support 


Total Design Hours (TDH) 


ANB) 


= > a 3 
Total Labor Hours (TLH) 
Database: SOA O sO2% 
HPCGuumder S50,000: Ors 1to 76% 


\ 


BEGwover=oo ,000,000. S26 to 92% 


Total Design Support Hours (TDSH) 


tee es 
Database: Tes EO. 20s 
BCGrumaer S50 ,000: 24% to 333% 
P@GwOver woo, 0007, 000: 8% to 18% 


Lo 


Hours--Professional & Subprofessional 


= 100) 


= LOU) 





Ds 


Design Support Hours 


a. Specifications Writer Hours 


SWH Professional Design Hours (PDH) 
Database: 4 to 6 


Beemover S1,000,000: 6 to 10 


b. Cost Estimator Hours (CEH) 


— 


CEH Professional Design Hours (PDH) 
Database: Seles 7 
HCG pander S50 ,000: Ste. 5 


Heewover os! ,000,000: $8 to l2 


CHVOlse Hows (1H) 


TH Professional Design Hours (PDH) 
Database: Se Oa 
BEGruncer 5250 7000: oe Deo) 


He@r ove: 25,000,000. 7 to 30 


BO@enhee wunGger.o/50,000: 


sist Specification Writer Hours 


Om Bee. Overs, 50,000: 


Sat Specification Writer Hours 





8. Overhead 


Database: OZ ectow 0G 4 
No. of Disciplines--1: Oey ee) JON s: 
Location-—Adak: Lies to 130% 
head ——stisierllisd | ¢ Use Ou 26 5 
== (@aaveaeles 110% to 124% 
9. (Bago fast 
Database: 103% 
Lead--Project Engineer: 11% 
= Sea e te lic 1 11% 


mie CECTION B (SEC B) 


A. Scoping Estimates 


eso Hesston Mode 


> = 1905 Fre SONS AS ) as Gee ) 
[Ee > ECC NDD 


oe seomeAge Orn oeMmated Construction Cost 
(APPENDIX 8H) 


Confidence Interval (3) 


Lower Upper 
Category e@ede ) . 2. ators 2 __— 3 
Bees code aa ae __ 3 
Work Code _ cf ee __—- 
Database 3.46% 4.37% 

BGG = = 
S = 1s FP exe al + 100) 
SEC B ECC BCG] 2 





re 


Detailed Analysis 


ie 


Subst euceemunvesetcgaclon (Si) (APPENDIX 4) 


COnricencemmneerval (S)} 


Lower Upper 
ECC Code S S 
Work Code S Ss 
Database Sao) SIS Sa 7o23 


Computed Average = $ 


5 = x 
op Computed Average CA 


Mepeguapmic Summey (TS) (APPENDIX 4H) 


Confidence Interval (S$) 


Lower Upper 
EGE «Code $ 2 
Work Code $ 2 
Database Sage 2 S47 55 
Computed Average = $ 
© = x 
ws Computed Average CA 





3. Field Investigation (FI) 


a. 


NM 


Cc. 


Number of Man-Days (NM) 


Estimated Construction Cost per Man-Day 
(APPENDIX H) 


Confidence Interval (S) 


Lower Upper 
Category Code © : 5 
ECC Code —— 5 S 
Work Code ae S S 
Database $41,766 S77 047 


ECC/Man-Day = $ 


= ls ites Xe ) 
Eee ECC/Man-Day CA 


Cost per Man-Day 


Database: S256 CO S2G3 
Location--Adak: S222 Oroy 1s 
--Yuma: SZOZzeto $258 


Lead--Project Engineer: $280 to $434 


Computed Average = § 


= (5 nee =( 
CM Computed Average CA 


Total for Field Investigation 


mee NM CM 


ILS 





ie 


oie 


RepEodue elon (RP) 


a. Cost per Drawing (CPD) 


Database: S63 EO "374 


Location--Adak: Somerco S115 


--Wash/Oregon: $60 to $67 


Computed Average = § 


= x 
CPD Computed Average 


Dee LOtal f£Om  .eproauctlion 


S = $ A 


CA 


RP CPD Number of Drawings 


Cele Koeee il Goshe 


a. Project Engineering Documentation 


(iy focal Ameunt 


(PED) 


Database Confidence Interval 


Sepeoe CO $37735 
Selected Total: S$ 


5) = $ < 
PED Selected Total 


(2) Percentage of ECC 


(ND) 


CA 


Database Confidence Interval 


OmeZs co 0.77% 


Selected % = 


° = (S$ ean, 


PED Bee Selected % 


2) 


100) 





D. 


Conceptual Studies (CS) 
(1) Total Amount 
Database Confidence Interval 
yoy oot bO sis, 476 
Selected Total = $ 
$ = 5 < 
eS Selected Total CA 
(2) Percentage of ECC 
Database Confidence Interval 
0.55% to 1.04% 


Selected 3 = 


° = ie Jes > 100) 


CS ECC Selected 3 


Energy Conservation Studies (ECS) 
(1) Total Amount 
Database Confidence Interval 
Sapo. tO 55,005 
Selected Total = $ 
S = 9 x 
neo Selected Total CA 
(2) Percentage of ECC 


Database Confidence Interval 


Selected % = 


S = (S$ hae > 100) 
ECS je Selected % 





Leys) 





a eso ldm—encrgyeceudies (SES) 
ely Total Amount 
Database Confidence Intervals 


Seo bn 0,254 


Selected Total = §$ 


a ee SS ee 
SES Selected Total CA 


(2) Percentage of ECC 


Database Confidence Intervals 


Selected % = 


S = eee | + 100) 
SES ECC Selected 3 
6. Travel (TR) 
S = (S$ eo cam | % + 100) 
oo ss BCC 
Database: Bole eo 405 
Location--Adak: soo -cO Leos 
We BEGLliOn Ga 4aSEC C) 


A. Scoping Estimates 


1. Regression Model 


9 aoe ee te, 00.4.5) (S es 2818 ) 
SECC ECC NDD 





B. 


eee ae meade Otetorimactea Construction Cost 


(APPENDIX I) 


Confidence Interval (3%) 


Lower Upper 
Category scoce : —.- _. _% 
beac Code : 3 3 
Work Code : __—% __—% 
Database ; Ore 1.0% 

ECG 2 — 
2 sli ) x = 100) 
SEC pee Gees 


Detailed Analysis 
eS tO De Bowiaoe ee sOressitonal Hours i(SDPH) 
Hours per Drawing 
Database: 2 Ato B39 
Week CeOdee=REEFOFIE: 1.0 to 2.0 


Computed Average = 


Oe erage | Number of Drawings 
2. Shop Drawing--Subprofessional Hours (SDSH) 
Hours per Drawing 
Database: Let tori .8 
Lead Code--Electrical: .97 to 1.4 
--Civil: go EO SEG 
Computed Average = 
i ae 
SDSH Computed Average Number of Drawings 
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3.  As-Builts--Professional Hours (ABPH) 
Hours per Drawing 
paLabeeer OPES cio) alee 
Lead "Code=—sStructural: 0.9 to 2.6 
--Electrical: 0.6 to 0.9 
Computed Average = 
= x 
ABPH Computed Average Number of Drawings 
4. As-Builts--Subprofessional Hours (ABSH) 
Hours per Drawing 
Database: in? tO) 2.1 
Beaa Code--Structural: 1.8 to 4.0 
Computed Average = 


= x 
ABSH Computed Average Number of Drawings 





APPENDIX L 


TEST CASE RESULTS 
Test Case No. 1 


Project Tighe Rehab Consolidated Open Mess 
Berimared Construction Cost: $200,000 
Location: Adak, Code--l 

Date: June 1981 

SexiRe BCI: 327 

Category Code: Community Facilities, Code--7 

Work Code: Alterations, Modifications, Rehab, Code--3 
Lead Discipline Code: Architectural, Code--1l 


Number of Disciplines: 4 


Government Decision Process/ Negotiated 


Estimate Decision Support Price 
Scoping Estimates 
Grand Total Fee SO SIs So OS S976 0 
Section A oe elle silisso3 
Regression Model Sele, 7 0 
Cartooning Method ro 6 
zoe ECC FOr 896 
Section B Si0n 9) SikZetoo 2 
Regression Model > 97143 
eet &CC 8,600 
Section C Sa) ses) Slee > 
Regression Model Ses 6 
foe ECC 2,200 
Number of Drawing 10 10 
Regression Model 1 
ECC/Drawing 8 


6 





Government Decision Process/ Negotiated 


Estimate Decision Support Price 
Professional Design 
Hours ee 52 
Regression Model 145 
ECC/Hour je 
Detailed Analysis 
Method 
Section A 
Total Labor Hours 275 410 Pie 
Professional Hours 116 200 96 
Sub-Professional 
Hours 159 210 119 
Design Hours io 301 132 
Design Support 
Hours 83 v3 83 
Professional 
Design Hours fee L232 Se 
Sub-Professional 
Design Hours 120 Ife 380 
Section A Total So) 1s) UY $12 ,000* STi 
Section B 
Field Investigation 
Days I5(8; 8 My 
Cost/Day S252 $508 $440 
mocal Sor 520 $5,064 55,200 
Reproduction Sy ook S950 $820 
Travel S275 0 S20 08 S27 600 


*Actual total was $15,783 but the 6% limitation caoped the 
Beeeton A total at $12,000. 


Tors 





Section B Total 


Section C 


Shop Drawing 
Pro Hours 


As-Builts 
ero Hours 
Sub-Hours 


Section C Total 


Grand Total Fee 


Government 


Estimate 


SxOR l= 


20 
6 
14 


Se, oy 


S27 


Decision Process/ 


Decision Support 
$10,514* 


26 
10 
Lo 


SU ,453 


52312 07 


Negotiated 
Price 


Sl oe ote) Pasty 


20 
6 
14 


Spo 


S257 oo 


*Total includes some items of "other special cost" not 


separately shown. 


lod 





Test Case No. 2 


Project Title: Repairs to Roads 

Paeamated Construction Cost: $637,000 
Location: San Diego, Code--5 

Bare: July 1981 

ENB BCI: 327 

Category Code: Ground Structures, Code--9 
Work Code: Repair, Code--2 

Lead Discipline Code: Civil, Code--6 


Number of Disciplines: 2 


Government Decision Process/ Negotiated 


Estimate Deci son Suppor: iowa lt 
Beoeing Estimates 
Grand Total Fee Ss, 204 $37,893 S27 De 
Section A SZ 262 So Jo: 
Regression Model 5267590 
Cartooning Method Ds AMPA os 
eo. ECC Beer eS | 
Seeceton B $20,096 S20 0108 
Regression Model $ 9,484 
en ECC 237,065 
SBeceion C Slo 40 Sleo oe 
Regression Model S201 3 
aot =CC 5,096 
Number of Drawings LS 18 
Regression Model 14 
ECC/Drawing 19 
Professional 
Design Hours 320 B26 
Regression Model 386 
mee, Hour 374 
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Government Decision Process/ Negotiated 


Estimate Peco lon soup Por: Price 
Detailed Analysis 
Method 
Section A 
Total Labor Hours 990 SO 1,066 
Professional Hours 440 459 446 
Sub-Professional 
Hours 550 442 620 
Design Hours 840 662 866 
Design Support 
Hours 150 238 200 
Professional 
Design Hours 320 306 526 
Sub-Professional 
Design Hours a20 Sis) 540 
Beetion A Total S23r7O2 s S2o7245 $30,991 
Section B 
Sub-Surface Inv. Sy a) ess: 53,060 S seecos 
Topographic 
Survey 133-675 8,500 Si 720 
Field Investigation 
Days 6 a 9 
Cost/Day $246 $292 $299 
Total Sao Sa 2i2 S269 | 
Reproduction Sua 2 oo 0 Syl 8g” 
Travel $240 SV aeowlis $240 
Section B Total S207 00G- $18,546 S200 og 


*Total includes some items of "other special cost" not 
separately shown. 





Section C 
Shop Drawing 


Pro Hours 
Sub Hours 


As-Builts 
Pro Hours 
Sub Hours 


Section C Total 


Grand Total Fee 


Government Decision Process/ 


Estimate 


Z0 
10 


10 
Zp 


> Lao 


$45,264 


Decision Support 


45 
ZO 


Ly 
oZ 


$3,640 


$48,431 


Negotiated 
Price 


Seve! 6: 


SoZ, 5 62 





Test Case No. 3 


Beogect Title: Applied Instruction Building 
metimatead Construction Code: $280,000 
Mmecation: San Diego, Code--5 

Date: May 1981 

ENR BCI: 326 

Category Code: Operational & Training, Code--1 
Work Code: New Construction, Code--l 

Lead Discipline Code: Architect, Code--2 


Number of Disciplines: 7 


Government Decision Process/ Negotiated 


Estimate Heers One SUDpOnE Total 
Seoping Estimates 
Grand Total Fee Sor Ge 6 Soo ol $26,143 
Section A SO 77 oo Shon 7 7 > 
Regression Model S20 205 
Cartooning Method 23,490 
Smee ECC 15,204 
Section B SIA 8h sh(0) S7,168 
Regression Model SSP 
Or ECC LO 0.20 
Section C $2,497 S272 00 
Regression Model $3,487 
eon ECC SZ ove 
Number of Drawings WZ 22 
Regression Model 20 
ECC/Drawing 2 
Professional Design 
Hours 216 1 ies 
Regression Model 225 
Hee/Hour 174 





Government Decision Process/ Negotiated 


Estimate Recs tony olgier t Ota) 
Detailed Analysis 
Method 
Section A 
Total Design Hours 657 914 645 
Professional Hours 296 476 249 
Sub-Professional 
Hours Clow 438 396 
Design Hours 540 704 Sap ik 
Design Support 
Hours pie, ZG 94 
Professional 
Design Hours 216 326 ZS 
Sub-Professional 
Design Hours 324 378 376 
Section A Total $16,799 SG, oO 0 = Silk6,7 75 
Section B 
Sub-Surface Inv $3,360 Sergey NOL 
° ; é Included 
Hepographic 2 Not 
Survey PED DINs Pape os Included 
Field Investigation 
Days 3 5 w, 
Cost/Day $280 $292 $264 
metal $1,400 $1,460 Si2 236 
Reproduction $944 Syl 0) os" SL Aw Se 
Other Special Cost 
PED S23 7500 S25 565 $2,000 
Solar is OG jATe IAG d 5 S00 


Meetual total was $25,091, but the 6% limitation capped 
the Section A total at $16,800. 





Government Decision Process/ Negotiated 


Estimate DeCicmon cu poos Total 
Section 8 Total SAiay sored @ SG, 7 555 ST 6S 
Section C 
Shop Drawings 
Pro Hours 14 39 40 
Sub Hours 68 24 10 
As-Builts 
Pro Hours 6 iS ~ 
Sub Hours 3 29 a0 
Section C Total $2,497 Sores S22, 200 
Grand Total Fee Sal oo $26,646 S267 143 


*Subsurface Investigation and Topographic Survey not 
included in total. 
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